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ABSTRACT 

This booklet contains a representative sample of the 
efforts of colleagues at 11 institutions to use graphing calculators 
to enhance the teaching of calculus and precalculus. The first 
section contains examples of graphs for teachers to choose from for 
presentations, including: simple examples to illustrate some standard 
ideas in precalculus, examples of graphs for which the window choice 
is critical and a knowledge of mathematics is essential for 
predicting hidden behavior, and examples that produce interesting 
shapes. The next sections contain generic and machine specific 
worksheets for calculus and precalculus. Next is a section that 
contains original programs for both the TI _ 81 and HP-48S calculators. 
A section to acquaiat students with the use of the TI-81, HP-48G, and 
HP-48S concludes the booklet. (MKR) 
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representative sample of the efforts 
of colleagues at eleven institutions 
to use graphing calculators to en- 
hance the teaching of calculus and 
precalculus. We have included work- 
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Some are machine specific (TI-81, 
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Originally funded by the National Science Foundation for the academic year 1991-92 
(USE 9153258), ten participants from five New Jersey community colleges attended workshops 
taught by Dr. John Kenelly of Clemson University and Dr. Thomas Tucker of Colgate University 
on the use of the TI-81 and HP-48 graphics calculators to enhance instruction of precalculus and 
calculus topics. The participants then worked individually, in pairs at their own institutions, and as 
a group to plan implementation. 

During the spring semester 1992, one precalculus and one calculus course were taught at 
each institution using calculators provided by the grant. Students surveyed at semester's end were 
generally enthusiastic, as were their instructors. Advantages cited included the ability to solve 
harder, more realistic problems; the ability to concentrate on concepts rather than monotonous 
computations that could be done by the machine; and the ease and clarity of visualization afforded 
by the graphs. 

The Consortium was expanded to eleven institutions including two-year and four-year col- 
leges, and high schools. The National Science Foundation, Division of Undergraduate Education 
provided funding for the project for the 1992-93 and 1993-94 academic years (DUE 9252491). The 
continuing participants introduced calculators into statistics, trigonometry, and second and. third year 
calculus courses. Dr. Donald LaTorre of Clemson University conducted a workshop on Linear 
Algebra for the continuing participants and interested colleagues in April, 1993. 

Activities for the new participants were similar to those from the original grant. Sixteen 
instructors chosen to participate for 1992-94, as well as invited faculty from the continuing institu- 
tions, ?. tended an intensive, hands-on workshop October 2-4, 1992, using the TI-81 with Prof. 
Virginia Crisonino of Union County College as instructor. A second workshop on the HP-48 was 
presented October 14-16 by Project Director Jean Lane. A video tape of the HP workshop was 
made by Union County College's Media Center, and is available for use by the members of the 
Consortium. 

The new members began implementation of calculator usage in their classes during Spring 
1993. At the colleges, one precalculus and one calculus course were taught using graphics calcula- 
tors. The high school participants began to introduce the technology into their classes as appropriate; 
their actual implementation began during the 1993-94 school year, again in precalculus and calcu- 
lus. 

In February, J.993, new participants met with Dr. John Kenelly for additional guidance 
and inspiration. They were also invited to the Linear Algebra workshop with LaTorre. Toward the 
end of the semester, they did presentations about their experiences at their home institutions. 

During the 1993-94 academic year, as implementation continued, all participants convened 
for two workshop/sharing sessions, one each semester. The group's enthusiasm ensures that such 
sharing sessions will continue into thj 1994-95 academic year as well. 

In order to disseminate the project's activities, Project Director Jean Lane and Co-Project 
Director Elaine Petsu editted instructional materials developed by the group for distribution to 
interested educators. Conferences and/or in-service workshops will take place at both Union County 
College and Raiitan Valley Community College to ensure dissemination of project results to area 
high achools. 

Participants in the project have made over thirty presentations, including workshops and 
poster sessions, to various groups as of October, 1994. 
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SEEING IS BELIEVING ... OR IS IT ? 



Teachers using graphing calculators often find it 
useful to have a catalog of examples from which to quickly 
choose appropriate illustrations for presentations. The 
following graphs include 

1 . simple examples to illustrate some standard 
ideas in precalculus 

2. examples of graphs for which the window choice 
is critical and a knowledge of mathematics 

is essential for predicting hidden behavior 

3. examples that produce interesting shapes. 



Windows given are for the Tl-81 . The same windows 
used with a TI-82, TI-85, HP48S or HP48G can produce the 
same basic result in some instances but can produce very 
different looking results in Others. Doing the examples which 
follow on several calculators for comparison can make one 
acutely aware of the need to use mathematical facts in 
conjunction with the graphs on the screen . Different screen 
sizes and differing numbers of pixels in rows and columns 
greatly affect results . 
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EXAMPLE 1 

Can a rational function cross its horizontal asymptote ? 



f(x) = 



- 3x -3x - 3 




This function approaches its horizontal asymptote y = -3 
with two different end behaviors and its intersection with 
its horizontal asymptote can be obtained with minimal 
computation. 



EXAMPLE 2 

Are the asymptotes for a rational function always vertical 
or horizontal lines"? — 



This function has y = £x - 1 as an oblique asymptote and 
integral x-intercepts . 




-5 i x 4 5 

- 5 £ y 6 5 



-5 £ x {, 5 
-5 Z y "I 5 




EXAMPLE 3 

Are rational functions ever asymptotic to anything but lines ? 

/ » X + 2 

f ( X) = - 

X 

This function is asymptotic to y = x 2 . The example can 
prompt a more general discussion of the asymptotic behavior 
of rational functions. 



-5 £ x £ 5 
•10 ^ y ^ 10 




/ 



\ 




EXAMPLE 4 



Why don't I see anything on my screen? 



f(x) = (1/15)x 3 - 27x 2 + 15x -15 



When viewed on a standard graphing window, this curve does a 
disappearing act. Using a trace key can offer some clues as 
to the choice of an appropriate window. Suggest that 
students try -20 * 20, -500 ^ y £ 500 and then discuss 

the completeness of the picture. 



•20 



^ 20 



•500^ y 500 




The y-values for this cujic function where the curve's 
^characteristic behavior occurs are much smaller than 
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most students imagine when viewing the coefficients. 



-100 4 x £. 500 
-700000 y /. 700000 




EXAMPLE 5 

Why should I bother to memorize those asymptote rules when I've 
got a graphing calculator to do the work ? 

f(x) , x2(x * 1)3 



(x - 2) 2 (x - 4) 4 



Viewed on a standard graphing window, the function would seem 
to have a single vertical asymptote on the interval [2,4] yet 
theory predicts vertical asymptotes at x = 2 and x = 4 . 



-10 4 x 4 10 
-10* y A 1 0 




Again , the problem is with the choice of an appropriate 
window. Only a knowledge of mathematical facts leads one to 
recognize the incompleteness of the graph. As in Example 4 , 
the y range' required is much larger than most students 
anticipate ; however, even with an appropriate range, a 
totally satisfying single picture may be difficult to 
obtain . It is suggested that students consider separately 
the curve's behavior near 2 and then near 4 before 
combining all ideas into one graph for f(x). Windows like 
1.84x42.2 , 0 4 y ^ 70,000 and 3.6 4 x 4 4,4 , 
0 4 y 4 70,000 may serve for beginning observations at each 
location . A graph showing these combined behaviors can be 
obtained using 1.44 x4 4.4 , 04 y4 40,000 with refinements 
added from the localized observations. Students should be 
cautioned to investigate f(x) near its two roots -1 and 0 (wher 
it is tangent to the axis) . 

9 
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1.4 f x i 4.4 

o £ y ^ 40,000 



EXAMPLE 6 
What hole? 



f(x) = 




When graphed on the standard window -1 0 £ x£ 10, -10£y£. 10, 
f(x) appears to be a continuous function. Choosing a more 
"friendly" window r however, clearly exposes the hole in the 
graph. Using 0^x69.5,0£:y^6.4 yields a good 
picture from a range whose choice is easy to explain in terms 
of pixels. (NOTE: for TI-82 use 0 ± x ih 9.4 , 0 £= y £.6.5 

for HP48G use -65f xt 65 , -32 * y 4 32 ) 



0 t x t 9.5 
0 ^ y ^ 6.4 




EXAMPLE 7 

HOW did you do that ? I didn't expect that at all 11 



f (x) = sindO/Tx) + V (4 - x 2 ) 

Viewed in a standard window -1 Of- x £. 1 0 , -10 i= y & 10 , the 
graph of f(x) would seem to inspire few comments other than 
a mention of the range of f(x) as determined by the square 
root term. 

O 7 
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-10^x^10 
-10/ y a 1 0 



Restrict the window to the function's domain or choose a standard 
trigonometric window and the curve seems to explode revealing 
the periodic influence of the sine term . Simple substitution 
determines the value of f(x) at the endpoints . Zooming out 
at the endpoints and comparing the results can pull in a 
discussion of symmetry (or lack of ). 



EXAMPLE 8 

So why doesn't this graph "explode" ? (Calculus to the rescue) 



After an example like #7, students might suspect that any 
composite function containing a periodic function will exhibit 
some type of oscillating behavior . Using a standard window 
or trigonometric window, the graph of f(x) is not very 
exciting and successive zooms would indicate that the apparent 
behavior is the true behavior . But should that alone be a 
convincing argument ? 



-2^x4 2 
-3 £ yf 3 




f(x) = x + sinx 




-6.28 < x 6 6.28 
-3 a y * 3 



A more satisfying argument would rely on calculus. Since 
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f'(x) = 2 - sinx, Hf"(xU3 . Since this curve is 
always concaved upward , f(x) cannot exhibit the oscillations 
of the function in Example 7 . 

A discussion of which term dominates in Example 7 a nd Exam ple. 
8 could fallow. Graphing y = sin(107Tx) against y = ■/ ( 4 - x ) 
and y = x against y = sinx can be useful in this exploration. 



EXAMPLE 9 

Should I always use a trig friendly window when my function 
involves a trigonometric function ? 

f(x) = tan x - 2x 



The context for this graph is finding the solutions of the 
equation tan x = 2x. When graphed on a standard trigonometric 
window -6.28 ^ x ^ 6.28 , -3 d, y 3 , the graph looks almost 
polynomial but with some strange double lines at the edge of 
the screen. 



-6.28 f x i 6.28 
-3 £ y f 3 



















■p 


p 







A trig friendly window would seem like the best bet ; however, 
by changing the window to a standard view -10^x^10 , 
-10 i y i 10, the nature of those "strange double lines 
becomes apparent as more of the curve and default asymptotes 
are revealed. Overlaying y = -2x can then be used to further 
describe the curve's behavior after soliciting observations 
from students. 




Example 10 

Do wath teachers stay up nights thinking of these tricky 
examples to torture us ? 



fix) = e 



-3.5x 



(1.55 sin(x V 3.75*) ) 



The given function is a variation (rounded constants) of the 
equation of motion in a critically damped system, a standard 
application of second order linear differential equations 
dealing with Hooke ' s Law and simple harmonic motion. In this 
situation, a slight decrease in damping results in oscillations. 
Graphing f(x) for 0 f x * 6 , -1 f y i 3 , the curve seems to 
disappear into the x-axis . Where are the supposed oscillations? 



0 A x A 6 
-1 & y A 3 



Using the trace function , it is easy to see that the curve's 
y-values are both positive and negative ; however, most 
students will assume that the curve approaches the x-axis 
from above . The following view clearly shows the function 
crossing the x-axis from above . The y range is much smaller 
than most students anticipate. 



4.2 < x * 5 

-1 .0369.E-7 < y < 6.1 523E-8 



Again using the trace , it can be determined that the function 
will cross the x-axis next beyond 5.5 . The following graph 
shows the curve as it crosses the x-axis from below . 




ERIC 



5.8i x5 6.6 

-2.6509E-10X y< 3.0632E-11 
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An interesting view of the function uses a scale that 
exaggerates the curve's behavior into vertical lines . 
the direction in which each segment is drawn. 



Observe 



1 .44 £ x ^ 6 

-3.8E-1 0 * y ± 2.3E-9 



EXAMPLE 11 

Can't we do a graph -just for fun ? 



r = 2tan2e 



Viewed on a trigonometric window with e . 
a surprisingly complex picture appears. min 



0 and e m 6.28, 
max ' 



•6.28 ± x £ 6.28 
-3 < y * 3 
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EXAMPLE 12 

Can we do one more just for fun ? 




r 2 = 

\\ : 



sin56 - 5sine 

sin56 - 4sine 

sin56 + 5sin9 

sin56 + 4sine 



-76X47 
-7 f y ,< 7 



e. 
e 



min 
max 



0 

6.28 



dot mode 
axes deleted 
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PRECALCULUS WORKSHEETS 



This section contains original worksheets 
suitable for the precalculus level. Some materials 
are appropriate for use with any graphing calculator, 
Others are calculator specific (TI-81, HP48S) as 
indicated. These worksheets may be duplicated for 
non-commercial use . 
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SOLVING INEQUALITIES - A GRAPHING APPROACH 



1 . Solve 3x - 1 1 1 
and indicate your 
solution on a number line, 



Graph y = 3x - 1 and y=11 
on the same set of axes. 
Find the intersection of 
the two curves. 



Explain how the xy-graph can be interpretted to indicate 
the solutions of the inequality. 



2. Solve 3x - 1 >. 1 1 
and indicate your 
solution on a number line, 



Graph y = 3x - 1 and y =11 
on the same set of axes. 
Find the intersection of 
the two curves. 



Explain how the xy-graph can be interpretted to indicate 
the solutions of the inequality. 



3. Solve 2 4 3x - 1 £ 11 
and indicate your 
solution on a number line 



Graph y = 3x - 1 , y = 2 
and y = 1 1 on the same axes, 
Find the intersection of 
the curves. 



Explain how the xy-graph can be interpretted to indicate 
the solutions of the inequality. 
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Solve j2x - 1 | £ 1 1 
and indicate your 
solution on a number line. 



Graph y = 1 2x - l| 
and y = 1 1 on the same axes. 
Find the intersections of 
the curves . 



Explain how the xy-graph helps justify that the solution 
is a continuous/ closed interval. 



Solve 2x - 1 | Z 1 1 
and indicate your 
solution on a number line. 



Explain how the xy-graph helps justify that the solution 
is two distinct intervals. 



5. Solve 4^ 1 3x - 5 | ^. 8 both algebraically and 

graphically. Explain clearly the connection between 
the two approaches. 



6. Give an example of a linear absolute value inequality which 
has no solution. Justify your claim with a graph. 



7. Give an example of a linear absolute value inequality which 
has all real numbers as its solution. Justify your claim 
with a graph. 

8. Challenge : Create quadratic absolute value inequalities 
which have solution sets consisting of one, two, and three 
closed intervals. Justify each with a graph. 
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NONLINEAR SYSTEMS OF EQUATIONS 



I . Solve the following systems; (Review from your previous 
algebra courses.) 

A) Use the method of B) Use the method of 

elimination: substitution 

3:< - ^ y = 10 U:< + 3y = 10 

. 2x + 5y = -1 3;< - y = 1 



II. Find the point (s) of intersection for: 

a) State the type of graph each equation represents. 

b) List the possible number of solutions. ( i .e. 1,2,3 etc) 

c) Solve the system using one of the methods in part I. 

d) Set up the equations in the graphing utility and check 
your solutions. 

i) State your window. 

ii) Sketch the graph. 

A) x 2 + y 2 s 16 B) x 2 + 3y 2 = 7 

x-y 2 = £ x - y = 3 



III. Set up the following system in your graphing utility and 
estimate the coordinates for the points of 
intersection with 3 decimal point accuracy in the x 
coordinate. 

List the equations in the exact form you used in the 
graphing utility - complete with all the 
parenthesis. 



x 2 - 3y 2 + 8x - 12y + E = 0 
x 2 + 5y 2 - 16x + lOy - <* = 0 
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COMPUTATIONS AND EQUATION SOLVING 



The following problems require that you experiment with the 
hand held computer. Each problem will increase your awareness 
of fundamental facts of algebra. The conclusions you arrive 
at for each problem should be expressed carefully and submitted. 



1 . a) Use your calculator and test x=-1 and x=3 to determine 

whether or not they are solutions to the following 
equation. 

[(5x 2 +1)/ (2x 2 +x-1 ) ] - [ x/(2x-1)] =* <2x)/(x+1) 

b) Show how to use the multiplication an' 1 , addition properties 
of equations to solve the above equation. 

2. a) Use you calculator and test x=-1 and x=5/6 , to determine 

or not those values of x are solutions to the following 
equation . 

|9X- 2 1 - 3x -8 

b) Use the absolute value rule to find the solutions to the 
above equation. 

3. a) Find a 5 dec imal approximation for (-1 + <rT3)/3 

and (-1- ^TT )/3 

b) test each of you 2 approximations to see if they are solutions 
the equation 3x +2x -4 =0 

c) Show how to use the quadratic formula or the method of 
completing the square to find the solutions to the equation 
in b . 

4. a)Use your calculator to test whet, er x =8 and x = 1/125 are 

solutions to 5x 2 ^ 3 -flx 1 ^ 3 +2 =0 

b) Show how to find the solutions to the equation above by 
changing the equation to quadratic form. 

5. a) Solve the inequality x 2 -7x +4 > 1 2 by graphing y= x 2 - 

7x+4 and y * 1 2 on your calculator and using the trace 
function. 

b) solve the inequality above by using the properties of 
inequalities. 
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c) Solve the inequality x -7x -8> 0 on your calculator. 

d) Explain why the results in a,b,and c are the same . 

6. a) Solve the inequality )7-9x|> 22 , by graphing the function 

y*l7-9x{ and y - 22 on the same cartesian plane. 

b) Show how to solve the above inequality by using the 

properties of inequalities and the absolute value principle. 

7. a) Solve the inequality 1 1 /(x+3) < 2 by graphing y=11/(x+3) 

and y*2 on the same cartesian plane . 

b) Solve the inequality in a by using the properties of 
inequalities 

8. a) Use your calculator to solve the following equation for 

the variable x, by graphing y=9x -30x +25. 

9x" 2 -30x~ 1 +25=0 

b) Solve the equation in a by changing the equation to 
quadratic form. 

3 2 

9. a) Solve the equation -2x +4x -3x +6 =0 by graphing. 

y » -2x 3 +4x 2 -3x +6 

b) Solve the equation in a by using the properties of 
equations . 

10. a) Solve the following equation by graphing 

x 2/3 -6x 1/3 -16 =0 

1 /3 

b) Solve the equation in by replacing x by u and using 
the properties of equations. 
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HOW CONSTANTS CAUSE TRANSLATIONS, REFLECTIONS, AND COMPRESSIONS 



CALCULATOR LAB 

Given: 2 

a. y = a(x - b) + c 

b. y = ajx-b| + c 

c. y = a^x - b + c 

Substitute numbers in for a, b, & c and graph the function. From 
these substitutions determine? what a, b. X, c do to the graph. 
Write a statement for each equation describing the effect s, b, Z, 
c have on the graph. Write your descriptions by comparing your 
graph with the graph where a = 1, b = 0, and c = 0. 

What I expect to see in your report; 

a) A graph for each function where a=l , b=0 and c=0. You may 
include additional graphs if you feel they are appropriate. 

b) Descriptions for what changes in a, b and c do to the graph 
using properly structured paragraphs. 

c) The modifiers it and they etc are removed from your paragraphs 
Due date for the project: 
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HORIZONTAL TRANSLATIONS OF Y = LOG(X) 



1 . Consider y = log„x . Write it in exponential form . 



2. Complete this table by computing values for x , 

y 



~ 3~ 
-2 
-1 
0 
1 
2 
3 



Sketch the graph. 



Domain : 
Range: 



Vertical Asymptote: 



3. Using a graphing calculator , sketch each of the followi 



ng, 



a) y = log (x + 2) 
Domain: 



b) y = log (x + 1 ) 
Domain: 



c) y = log (x - 1 ) 
Domain: 



d) y = log (x - 2) 
Domain: 



How can the domain of y = log (x + c) (where c is a constant.) 
be found without drawing the graph ? 



Can you find the vertical asymptote from knowing the 
domain ? 
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NON-QUADRATIC EQUATIONS SOLVED BY FACTORING 



PROBLEM : Solve x 6 - x 4 + 4x 2 -4=0 



1 . The function to be graphed is y = 



ERIC 



2. The solution(s) to the equation will be found on the graph 
where y = . This is where the graph crosses the 

-axis . 

3. Sketch the graph in the the 
standard viewing window. 



5. How many solutions do you see ? 



How many solutions did you expect ? 

Can you guess why others do not show ? 



Solve the equation by factoring . Show your work 



7. Now reconsider your answer to the last part of #5 . 



8. Find a windov, which shows the complete graph of the 
function. Sketch the function. 

Xmin = Ymin = 



Xmax = Ymax = 
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GRAPHING PRACTICE 



Directions : You are to answer the following questions by 
experimenting with your hand held computer. 
Make a careful sketch of the graph you see on the 
calculator for each question. Questions involving 
an explanation should have the answer 
written accurately in ink. 

1. a) Graph y « fcx + 4) 3 and y=-t-x +4 ) 2 on the same 

cartesian plane. 

b) Explain why the combined graphs of the two functjong 
in a is the same as the graph of the equation x +y =4. 

2 1 2 -i 

2. a) Graph y« (25-x ) 2 and y= -(25 - x )* on the same cartesian 

plane. 





in a i 
x + y 


s the same as the graph of 
z » 25. 


the equation 


3. a) 


Graph 


y = J x 2 + x -12 | 




b) 


Graph 


2 

y = x + x -12 




c) 


Graph 


y »|2x +1 | 




d) 


Graph 


y = 2x +1 




e) 


Graph 


y - ( x 3 -n 1 ' 5 . 




f ) 


Graph 


y = i/(x +4) 




4. a) 


Graph y* x 2 , y = (x-2) 2 , and y 
cartesian plane. 


2 

* (x+2) on the same 


b) 


Graph y» (x+2) 2 +2 , y= (x+2) 2 - 
cartesian plane . 


2 

2, and y= x on the same 


c) 


Graph 


2 2 
y = -(x+2) and y = x on 


the same cartesian plane. 



d) Give the coordinates of the vertices of each of the 
parabolas in a , b , and c . Also, give the vertex of 
the parabola y=(x-h) +k. 

5. a) Graph y* ( 25 - (x-4) 2 ) 1 /2 and y = _ v25 . (x _ 4) 2 >1/2 Qn 
the same cartesian plane. 

b) Explain why the graph of y 2 + (x-4) 2 =25 is the same 
as the combined graphs of part a . 

O 22 ^ 
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6. a) Graph the following parametric set of equations. Use 

MODE PARAM setting. x=tf -3 

y»t + 4 

b) Solve each equation for t 2 and equate the two expressions 

to find a function of x. Graph the equation you found. 

c) Why do the graphs in a and to differ ? 

7. a) Graph the function y « -2x 2 +20x -54 

b) Determine the maximum value of the function from the graph 

by using your computer. 

c) Show how to find the maximum value of the function by 

using algebra. 

8. Repeat^ the parts a,b,and c of problem 7 for the function 
y* 3x -12x +20, except find the minimum value of the 
function 

9. Given that f(x) « 1/(x-4) and g(x) = 4x 2 -8, graph f(g(x)) 
and g(f(x)) . 

10. Use the methods for graphing piece wise functions to 
construct the graph of f(x) »fx 2 , if x < -3 

*Yx +2 ,if x> 0 
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COMPARING FUNCTION GROWTH KATgS - euuitiKmxAL, tMnu t^Afuasua a xtua 



Use the CALCULATOR to solve the following problems: 

1. Consider the power function p(x) = x 3 and the exponential 
function q(x) = 2 X . Which one grows faster as x gets very 
large? Graph the two functions over the intervals: 

(a) -3 to 3 

(b) 0 to 10 

(c) 5 to 15 

Use the graph to determine to (two decimal places) where the 
graphs of these functions cross (intersect) . 

2. Which of the following is larger as x grows very large 
(i.e., as x approaches infinity), 

f(x) - 100x 2 or g(x) = O.lx 3 ? 

Explain how you used the calculator to solve the problem. 
You may sketch the graphs you got from the calculator. 

3. Graph the functions 

F(x) = x 4 and G(x) = x 4 - I5x 2 - 15x 
over the intervals 

(a) -20 to 20 (use y range -30 to 1000) 

(b) -4 to 4 (use y range -100 to 100) 

Describe what you notice about the graphs in both cases. 
What does this tell you about using the calculator? 
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EXPLORING INVERSE TRIGONOMETRIC FUNCTIONS (General) 



Use a viewing window with X between -6.5 and 6.5, and Y between 
-2 and 2. . 

1. Graph Y SIN ( SIN~ / (X)>. Is this what you expected to 
see? Why? 

Now erase and graph Y = SIN <SIN<X>>. Can you explain 
what you see? 

2. Repeat t-his for Y = TAN <TAN W <X)) and Y = TAN " / (TAN< X) ) . 
tfhay are these different from the first pair? 
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AN INTRODUCTION TO HORIZONTAL AND VERTICAL ASYMPTOTES AND 



LIMIT NOTATION 



Vprtic&l Aayptotes 

Consider the function: f(x) = J. What is the name* of this function? 

What variable represents the elements in the domain of the function? 

Vhat represents the elements in the range of the function? What is 

the domain of this function? On the x-y coordinate system, drav a dotted 
vertical line through the excluded point(s) on the x-axis. Investigate 
vhat happens to the values of the function as x gets closer and closer to 
the point(s) excluded from the domain of the function. To do this, 

1. Choose values of x vhich are close to the excluded point, but to 
its left, and determine the corresponding values of f(x). 



X 


f(x) 


-0.1 




-0.01 




- 0.001 




-0.0001 




- 0.00001 




- 0.000001 




- 0.0000001 




- 0.00000001 





2. Vhat happens to the values of the function f(x) as x-0~? Please 
note: The notation "x-*0~" is read u x approaches zero frow the 
left". It means that the numbers used to replace x in the rule of 
the function are to the left' of zero, but each replacement is 
getting closer and closer to the number, zero. 
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3. Not, choose values of x vhich are close to the excluded point, bat 
to its right, and determine the corresponding values of f(x). 



X 


fix) 


0.1 




0.01 




0.001 




0.0001 




0,00001 




0.000001 




0.0000001 




0.00000001 





4. What happens to the values of the function f(x) as X-+0 + ? Please 
note: The notation "x-0 + " is read "x approac.es zero fro. the 
right". It means that the numbers used to replace x in the rule of 
the f auction are to the right of zero, but each replacement is 
getting closer and closer to the number, zero. 



Definition: If f(a) is not defined and f(x)- + oo or f(x)--oo as x-a or 
x-a + , then the vertical line, x = o, is called a vertical 
asymptote of the function f(x). 

Note: The notation "f(x)- + oo" is read "the value of the function 
approaches positive infinity" and means the value of the function 
gets larger and larger as a •positive number. 
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Questions, before ve continue: 
1. Hov i- " f(x)--oo" read? 



Interpret the meaning of 


, f(x)- + oo" 






Hov is "x-^ + a" read? 


Interpret the meaning of 


M x-+a w . 






Hov is "x-v-o" read? 


Interpret the meaning of 


"x-+-a". 
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Once again, consider the function f(x) = J. Hovever, this time let's 
examine vhat happens to the value of the function, f(x), as x is replaced by 
positive numbers vhicii get. larger and larger. The notation used to 
describe this type of replacement for x is: x- + oo. The question to be 
ansvered is the folloving: "Does the value of the function, f(x), approach 
some specific number as x- + oq? To ansver this question, evaluate f(x) = £ 



value. 



X 


f(x) 


100 




1,000 




10,000 




100,000 




1,000,000 




10,000,000 




100,000,000 
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Vhat number do the value* of the function f(x) sees to be getting 
closer to as x - + oo? Mathematically, we say that f(x)-*0, as *-» + «> . 



The horizontal line, y=0, is called a horizontal asymptote of the function, f(x) - 1 . 

Similar] v, if the values of the function are examined as x-»-oo, do 
the values of the function appear to get closer and closer to some specific 
number? To ansver this question, evaluate f(x)=| for numbers vhich are 
negative and continue to get more negative in value. 



X 


f(x) 


-100 




- 1,000 




- 10,000 




- 100,000 




- 1,000,000 




- 10,000,000 




- 100,000,000 





What number do the values of the function f(x) "seem to be getting 
closer to as x - -oo? Mathematically, we say thatf(x)^0, as x-* -oo . 

Definition: If i(x)-*a, as x- -oo, then the horizontal line, y=a, is a 
horizontal asymptote for the function f(x). Similarly, If f(x)-+b, 
as x~* + oo, then the horizontal line, y=fc, is a horizontal 
asymptote far the function f(x). 

Note: If a function has a horizontal asymptote, then for large posituu: m 
*cSQiis£ values of x, the graph of the function will get closer and closer to 
the horizontal asymptote, but the graph will never cross the asymptote or 
touch it. 

HOMEWORK 

Determine the domain, x-intcrcept(s), y-interccpt, vertical and horizontal asymptotes of 
each of the following functions, and then draw their graphs. Use the calculator. 
1. f(x)-^- 



x-1 

2 



5. f(x) = -^ 



x a -4 



2. f(x) = -x- 
' x-1 

6. f(x)=,- T i- 



3. f(x) = -l 4. f(x) = 2x^-4. 
7. f(x)=^ 8. f<*)»£4 



x 2 + 4 
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CHOOSING A GRAPHING VINPOV 
USING THE TI-81 CALCULATOR 



The screen ,of the TI-81 calculator is composed of tiny rectangular 
elements □ called pixels. There are 95 pixels in each row of the screen and 6S 
rows from the top to the bottom of the screen. 

The length of the pixel determines the amount an x-location vill 
increase or decrease as the cursor is moved to the right or left. For 
example, suppose the x-location of the cursor is x = 4.3 and the length of 
the pixel is 0.1. If the cursor is moved* one unit to the right the x- 
location of the cursor becomes x = 4.4. If the x-location of the cursor is 
x = 4.7 and the pixel length is 0.5, vhat vould be the nev x-location of the 
cursor if it vere moved 6 spaces to the left? (ansver belov) 

Similarly, the height of the pixel determines the amount a y-location 
is increased or decreased as the cursor is moved up or dovn. If the height 
of the pixel is 0.3 and its y-location is y=-1.8, vhat is the nev y- 
location if the cursor is moved dovn 2 spaces? (ansver belov) 

Determining the Lengtk of a Pixel 

To determine the length of a pixel, consider the length of the 
screen. If Xmin and Xnvax are assigned values, then 

length of screen = Xxn*x- Xmin ( Eq. 1) 

Since 95 pixels make up the length of the screen, then the length of one 

pixel is found by dividing the length of the screen by the number of 
pixels. 

Pixel Length =- fa °ax- Xmin (Bq . 2 ) 



A more useful form of Eq. 2 is found by solving the equation for Xmax. The 
result is: 

Xm»x = Xmin + 95(pixel length) (Kq. 3) 

o 32 
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Detemiiiig tke Height of * Pixel 

To determine the height of a. pixel, consider the height of the 
screen. If Ymin and Ym&x are assigned values, then 

height of the screen = Ynux - Ymin ( Bq. 4) 

Since 63 pixels make up the height of the screen, then the height of one 

pixel is found by dividing the height of the screen by the number of 
pixels. 

pixel length = Ym*^Ynm (gq 5) 

A more useful form of Eq. 5 is found by solving the equation for Ym»x The 
result is: 

Ynux = Ymm + 63(pixel height) (Eq. 6) 
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Graphing Piecewise Defined Functions 
on the Ti-81 

The TI-81 is capable of handling piecewise define functions. jFor 
example: 




x< 1 
x <z 1 



The 'pieces' can be stored in separate function locations (yi, y2, . . .) and 
the domain indicated in parentheses as below: 

yi - 2(x<1) 
. y2.» (x+1)(x£1) 

CR 

The 'pieces" can be stored in one location as below: 

yi « 2(x<1) + (x+1)(x^1) 

The inequalities are found in the TEST menu (2nd MATH). 

A double inequality is entered as follows: 
Example: 

( -2 x<2 
0(x) = J x2-6 2<x£5 
I x - 1 x>5 

As one function: 

yi - *2(x<2) + (x2-6)(2<x)(x<3) + (x-1)(x>5) 

each stored in separate locations as before. 
NOTE 

It is best to have the calculator in dot mode. (Change in the MODE menu.) 
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GRAPHING SPLIT DOMAIN FUNCTIONS 



fTl 81 WOR KSHEET) 



1) Set domain and range if desired (Range or Zoom) 

2) Dot Mode 

MODE 

aove cursor to DOT 
ENTER 



GRAPH: 



1.. f(x) 



2, X < 
X > 3 



y= 
( 

X 

+ 
2 
) 
( 

X 

BLUE 2nd 

MATH 

5 

3 

) 

+ 

( 

) 
( 

X 

BLUE 2nd 

MATH 

4 

3 
) 

GRAPH 



2) f(x) 



(-X, X < -1 

|5, -l < x < 2 
2X - 4, X >2 



y- 

CLEAR 

( 

(") 
X 

) 
( 

X 

BLUE 2nd 

MATH 

6 

(-) 

1 

) 
+ 

( 
5 

) 
( 

X 

BLUE 2nd 

MATH 

3 

(-) 
1 

) 
( 

x 

BLUE 2nd 
MATH 

5 
2 

) 
+ 

( 
2 



BLUE 2nd 

MATH 

3 

2 

) 

GRAPH 



4 

) 
( 

X 
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TI 81 Worksheet 
Evaluation of e 

' 1 x 

e is an irrational number. It is defined by e = Lim(l + --) 

x-»o* x 

The notation Li rn means that you will let x become extremely large (or 
x-»<* 

go off in the positive direction without bounds. 



A. On your calculator put in 



(1 + (l-rx))Ax 
Blue 2nd Quit 

1 STO x enter 

Blue 2nd VARS ENTER ENTER 



You should get 2. This is the value of (1 + -) when x = 1 
Now do the same for the other values of x on the chart below, 
x Approximation of e 
1 2 
5 

10 
100 
1000- 
10000 
100000 
1000000 
10000000 

Based on the above, what is a good approximation of e ? 
B, now type in 

Blue 2nd e x 1 ENTER 
Compare this answer with the one in part A 
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GRAPHING LINEAR AND QUADRATIC FUNCTIONS (TI-81) 



Objectives: 



1. To become familiar with the graphing keys 

2 . To examine solutions of equations by graphing 

a. linear functions 

b. quadratic functions 



Example 1. 



Solve the equation 4x - 12 = 0 
Note 0 = 4x - 12 is equivalent to 
y = 4x - 12 when y = 

We will graph y = 4x - 12 



Procedure: 



Assignment; 



XjT 



- 12 



Push the | y= | key and for y^^ type in 4 
What is the value of x when the function y = o? 
Push | Trace 1 

Push [T] or [i] and move the cursor along the graph until y 
Note y coordinate goes from - .63158 to .21053 
To get exactly zero, we must change the range from the 
standard setting 

Push 



= 0 



Range 



Set x 


min. * 


- 4 


.8 


X 


max. = 


4 


.7 


y 


min. = 


- 3 


.2 


y 


max. = 


3 


.1 


Push 


Graph | 







Push |y=l pi 1 Enter 1 f\7 



Note the = sign is now unshaded and thus y 1 will NOT 
be graphed. 



Plot the graphs of 1) 

2) 
3) 



y - 3x - l = o 
y - 3x - 4 = o 
X = -3y + 6 



Remember to change to "y =" form. 
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Conclusions: 

What can you say about lines 1) and 2) which have the same 
slope? 



How do lines with a positive slope (1) and differ from lines 
with a negative slope (2)? 



Suggest a window which would show the graph of x = -3y + 9 
and enable you to trace with rational #'s as coordinates? 



x mm = 
x max w 



y irun - 
y max = 



Example 2. 



Using x as the variable, solve x 2 - 2x = 3 5 
function to be graphed y = 



Push 
Graph 



y- 



X|T 



- 2 



X i T 



-35 Enter 



What can be done to see the whole parabola? 



Use TRACE to find x when y coordinate is zero 

Intercepts are x = and 

What is the relationship between the graph of 

2 *? 
y - x - 2x - 35 and solution to the equation x - 2x - 3 5? 
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Equal squares are cut off at sach corner of a rectangular price 
of cardboard 3 ft. vide and 6 ft. long. A box Is formed by 
turning up the sides. 

(a) The volume of the box is 



(b) Copy the graph of V(x) from your graphing calculator. 



(c) Use the graph and your TRACE key to determine the 
approximate value of x which gives the maximum volume V(x) . 
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EXPLORING POLYNOMIAL INEQUALITIES GRAPHICALLY (TI-81 ) 



Objective: Exploring POLYNOMIAL INEQUALITIES graphically 

Consider the function y » 2x 2 + 3x - 5 

Graph on a friendly window (Note y min must be below -5) 



1. Use | Trace 1 to find the values of x when y » 0 



2. What are the values of x when y is positive | > o 

3. What are the values of x when y is negative | < o j 

4. Which set of values (those in 2 or 3) would be the solution to 



the 



inequality 2x 2 + 3x - 5 < 0 



5. Is this the same set of x's to solve 2x 2 + 3x < 5? 



Exploring rational inequalities graphically 

Consider the function y * x ~ j 

1 X + 2 

Graph on a friendly window 



1. Use I Trace | to find the values of x when y changes its si 



ign 



2. When x is in the interval (-•» -2) y is 

3. When x is in the interval (-2, 1] y is 

4. When x is in the interval [i, «) y i s 

Therefore the solution to the inequality 

x - 1 

x + 2 



> 0 is 
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GRAPHING CIRCLES (TI-81 ) 



Objective : 
Example : 



To graph equations of the form x + y 2 « r' 

Graph x + y* = 25 

The equation must be solved for y. 

X 2 + y 2 = 25 

2 2 
y = 25 - y. 



y = + v/25 - x 2 
Each expression must be graphed separately. 



Push 



25 - x' 



y 2 = 



(« - X 2 ) 








GRAPH 



Questions : 1. Did you get a circle? 



4. 



2. If not, can you explain why? 



3. To get a perfectly round shape, we must 



Will the entire circle x 2 + y 2 = 121 
show in the default (standard) window? 



5. If not, what window would you use? 



What are the minimum window dimensions for viewing 
a complete circle x 2 + y 2 = }" 2 
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Exponential Functions Base e 
(T3.81 Worksheet) 



Graph y - e x 

A. It might be helpful to use different range for this work. 
Press the RANGE button (I assume that you are already 

in standard) 



Move the cursor down to YHIN~ 

YMAX« 

Blue 2nd QUIT 



set this to -1 ENTER 
set this to 15 ENTER 



B. 



Y- (clear out anything previously located here) 
Blue 2nd 



e 
x 

GRAPH 

C. What is the y intercept? 

When you use the trace key, the cursor will miss se - 0 on this 
setting. There are two ways you can easily get the y intercept. 

1. 0 STO X ENTER 

Blue 2nd VARS ENTER ENTER 

2. or set the RANGE Xmin to -9 

Regraph and use the TRACE. This time you will stop on X = 0 

D. Using the pattern 3 STO X ENTER BLUE 2nd VARS ENTER ENTER , 
complete the following table. 



3 
5 
10 
100 
-5 
-10 
-100 



20. 0855 



Note 5.8 E 7 



5 x 10 



2. Based on the table and on the graph, what is the horizontal 
asymptote? 

42 
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II. Additional Examples 

A. Graph 

1. y - a 2x 

2. y - e** 

3. y - 2« x 

4. y - 4e x 

y - e / Yqu My nfied tQ set a diffarant range 
6. y m - e * J 

B. Compare each of the above with the graph of y = e x 

1. Consider the general shape 

2. Consider the y intercept and the horizontal asymptote 

C. Graph 

1. y a 2 - a x 

2. • y - -4 + e X 

3 - y - 5 

l+2e"" x 



. 43 
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Logarithm* 



Definitions y - Log B x if and only if x - B? 
or x - log B y iff y - b x 



A. Examples 



1. 


2 3 - 


8 


is 


the 


ease 


as 


2. 


5 2 - 


25 


is 


the 


save 


as 


3. 




.25 


is 


the 


same 


as 


4. 


Log 3 


(81) - 4 


is 


the 


save 


as 


5. 


Log 10 


(.001)- -3 


is 


the 


sua 


as 



Log 2 ( 8 ) - 3 
Log 3 ( 25) - 2 
Log 4 (.25) - -I 

3 4 - 81 
10"" 3 - .001 



B. Express the following in exponential for* 

1, 7 2 - 49 

2. 5" 2 - .04 

C. Express the following in exponential form 

1. Log 2 (64) - 6 

2. Log 8 (.002)« -3 
Two special types of Logs 

A. Base 10 

1 ' SftwiJS nJ Ue K th ? COmaon lo * of *• notation 
Log (A) with no subscript. 

2. Log (7) means Log 1Q (7) 

3. On your calculator 
LOG 7 ENTER 

You should get .84509804 
This means Log 1Q 7 » .84509804 

or that 10-84509804, 7 
BLUE 2nd 10 x BLUE ANS ENTER 

B. Bace e 

1 ' is 9 £N*A) iS CaUed natural io< 3 of A - ^ S notation 

2. LN(7) means Log e (7) 

44 < 2 



On your calculator 
LN 7 ENTER 

YOU should g.t 1.945910149 i . 945910 149, 
This mm Log # (7) - 1.945910149 or e* 
BLUE 2nd •* BLUE 2nd ANS ENTER 



III. Graphing 



9 

ERIC 



A. Y^ LOG x 

Y 2 : io*x [10* x] 



Y 3 : x 



Graph (Zoo* Standard) 

1. What do the graphs of y - Log x and y = 10* suggest about 
these two finctiona? 

2. Try a) Log 10 X 5 ENTER • 

b) Log 10 x 132 ENTER 

c) 10 x Log 120 ENTER 



B. Y x : LNX 
.X 



Y 2 : e' 
Y 3 : x 



Graph 
1. 



What do the graphs of y- LNX and y= e x suggest about 
these two functions? 



2. Try a) LN e x 7 ENTER 
b) e x LN 22 ENTER 
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USING THE TI-81 TO GRAPH A FUNCTION WHICH APPROXIMATES 



GIVEN POPULATION DATA 



The data below is taken from "Population, Resources, Environment: An 
Uncertain Future," Robert Repetto, 1989, Population Reference Bureau 
Inc. (Note time is coded as 0, 50, . . . etc.) 

The human population data is in billions (1 * 10 s ) 



time (calendar) 


*1e6 BC 


1750 


1800 


1850 


1900 


1950 


2000 


time 


1e6BC 


0 


50 


100 


150 


200 


250 


human population 


0.0 


0.8 


1.0 


1.2 


1.7 


2.8 


6.2* 



*crcj"«ted population based on current trends. 



Entering the data 



Press 1 2nd) | STAT | (Tj [T] 



DATA] 



Select [T] to clear any old data 



Press MODE and select DOT 



Press | 2nd] | STAT 



DATA 



Select [T] and Key in data 
Investigating the function 



Set an appropriate range. 



Press | 2nd | | DRAW 



Select [TJ to clear any old graphs 



Press I ENTER 



Press I 2nd! 



STAT 



113 



DRAW 



Select [T] for scatter plot 
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We may connect the points to visualize the type of curve by 
pressing [ 2nd) | STAT 



DRAW 



Select [31 
What kind of curve does this resemble? 
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Determine whether a straight line or an exponential function 
fits better. 

Press | 2nd | 1 STAT 1 and select fTj 
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Note equation is y =» a + bx 

or y - -.067 + .019x 
r - .85*7 
Copy this equation to the y-list 

s 



Press I Y= 



Press |vars| fM I ► I ILR 

Select [T] 

Linear function is copied to y 1 

Press | 2nd | 1 STAT 1 and select [T] 

Note equation is y ■ ab 

or y - .657 (1.008) x 
r - .?fc>V£ 

Similarly copy the exponential equation to Y 2 



Press 1 GRAPH 1 and graph both equations 

To see scatter plot, press |2ndl \sTW\ I DRAW 1 [T] 



Visually, the exponential seems to be the better fit 
analytically, r measures the fit. 

Compare .92 for the exponential to .7b- for the linear function. 

From the exponential function we can also assess the average 
rate of growth by examining b. 

Recall growth curve y - a(l + rate) 

compare with y » .65(1 + .007) x 
rate averages .7% 
How long will it take the population to 8 billion? 
Trace the exponential curve. 
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THE HYPERBOLIC FUNCTION S - A DISCOVERY LESSON (TI 81 ) 



1.a)Using the standard graphing window (ZOOM 6), graph y=sinh(x) 

3 



b) On the same axes, graph y=x~ 

3 

c) Is y=sinh(x) the same as y=x ? 

d) Use ZOOM Box to investigate the relation between 
the two curves near the origin. Sketch on the given 
axes stating the range information of your box. 



1a) 



mm 



ma' 



min 



max 



e) Use TRACE to estimate the intersections to the 
nearest 100th. ( , ) ( , ) ( , ) 

f) Complete this table of values for y=sinh(x). 



X 


y 




X 


y 


-3 






0 




-2 






1 




-1 






2 





id) 



g) Complete this table of values. 



x^ from part e 


y. from part e 


sinh ( x . ) - 
l 


- (x.) 









How good was your estimate in part e ? 



2a) 



2.a)After clearing all functions, draw the graph of y=cosh(x) 
using the standard viewing window (ZOOM 6). 

b) Using your graph and your knowledge of exponents, guess 
each of these values: 



lim (coshx)= lim - 

X-"»eo X-+oo 



lim (coshx)= lim 



X -X 

e + e 



J J. J. Ill \ OUA / — a. -L 111 ^ 
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c)Complete this table to confirm your response in part b. 



X 


cosh(x) 


(e x )/2 


X 


cosh( x) 


(e _x )/2 


■ 50 
100 
1 50 






-50 
-100 
-1 50 


_ V 





d) Graph y=cosh(x), y=(e x )/2 and y=(e~ )/2 on the same axes 

e) Use ZOOM BOX to investigate the relationship 
among these three curves. Sketch a graph to 
illustrate your findings. 



3. Now use all you have learned to sketch the graphs of 

y=cosh(x), y=sinh(x), (e x )/2 and (e~ )/2 on the same axes. 



2d) 



2e) 



3) 
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INTRODUCTION TO PARAMETRIC EQUATIONS (TI-81) 



You are used to finding points (x,y) on a graph by use of an equation involving x and y. 
For example one solution of 3x + 4y - 10 is (2,1). There are many others. We plot 
these on a coordinate system and see a graph. Sometimes we use a calculator to do 
this. 

Sometimes x and y depend upon a third variable, t, rather than directly upon each 
other. For example x could - 2t and y could - 3t. Then each time t takes on a value, x 
and y also take one a value. For example with t - 1, x«2 and y «3 giving the point 
(2,3). T-2 gives the point (4,6) and so on. Sometimes in applications, t represent 
time. 

As another example. Let x * t and y « t A 2 and consider the following table. 



t 


(x.Y). 


1 


(1,1) 


2 


(2,4) 


3 


(3,9) 


- 1 


(-1,1) 



Equations such as the ones above are called parametric equations and t is called the 
parameter. Your calculator can graph parametric equations. 

Select MODE 

Use the 'down arrow to move the cursor to the fourth line down Function Param 
Use the right arrow so that Param is flashing and not Function. 
Select ENTER. Now Param should be hi-!ited and not Function. 
Select 2nd QUIT. 

Your calculator will now operate in the parametric mode. 

Select y« and you have different selections that when you were in function mode. 
You now must select functions for both xi and yi. Let xi « T and yi » T A 2 and above. 
Choose ZOOM STANDARD and you will get a graph of half a parabola. 
Using the arrows gives x and y coordinates of the points in the plane. 
Using the trace and the arrows gives x and y coordiantes as well as values of T. Note 
that you cannot get to to be less than 0. Go to RANGE and change that, make Tmin and 
Tmax the same as the corresponding values of Xmin and Xmax respectively. Now 
GRAPH. Go back to RANGE and set Tstep - 1. Then GRAPH. Why does this happen? 
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POLAR EQUATIONS ON THE TI-81 



Polar equation to be graphed: r = f(6) 

Polar coordinates conversion formulas : x = rcos© y = rsin© 

= f(0)cos© = f(9)sine 

Graphing calculator T equations: x = f(T)cosT y = f(T)sinT 



EXAMPLE 1 (Begin this example with calculator in RECTANGULAR 
MODE . ) 

Graphing Calculator x = sin2T * cosT 

T Equations y = sin2T " sinT 

Range: a) Try ZOOM 6. 

b) Try ZOOM 7. 

c) Try _ 

Tmin = 0 n . Tf 

Tmax = 6.283185307 _J u to z u 
Tstep= .104719755 
Xmin = -1 
Xmax = 1 

Xscl = .5 (Recall the range 

Ymin = -1 of sine and cosine 

Ymax = 1 is [-1 , 1 ] ) 

Yscl = .5 

The graph is out of proportion 
since the window is rectangular. 

d) Try ZOOM 5 . Notice how values 
change for Xmin and Xmax. 

Mode: Use GRID ON . Notice that range values remain. 

Trace: Go to T = 3.5604717 X = -.6788966 Y = -.3022642 

How do we find the ordered pair (r ,9) associated with a point 
on the parametric (T) graph ? 

Check that you are in POLAR MODE. Use TRACE. 

Go to T = 3.5604717 r = .74314483 9 = -2.722714 

(Note: The calculator reports values using 
r > 0 and -7f < 9 * 7t . ) 

Let's see the points that the TI-81 uses to draw the graph. 
Use MODE: dot then TRACE. GO to T = 3.5604717 . 

EXAMPLE 2 



Graph r = 1 - 2cos© . Use x = (1 - 2cosT)(cosT) 

y = ( 1 - 2sinT) ( sinT) 
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SIMULATING COIN TOSSES TO EXPLORE THE STATISTICS MENU (TI-81 ) 



The following experiment is to be performed ueing the Tl-fli 
graphing calculator. The experiment consists of simulating the 
toss of a fair die and recording the number of times the number 
two (2) occurs in six tosses of the die. 

Keystroke Sequence; 

Math ► CMUMl 7 CIPartI ENTER 

<6 • MATH ► ► > CPRBJ ENTER 

) ♦ 1 ENTER 

If this sequence is performed correctly, the resulting display 
will be: IPart (6 * Rand) «• 1. By depressing the ENTER key over 
and over, the calculator will display possible results of the 
toss of a die (simulate tossing a die). Count the number of 
times 2 occurs in six "tosses" of the die. Do this for 50 
performances < simulations > of tossing a die six times. Keep 
track of the results in the following table: 

X TALLY FREQUENCY 

a „ 

l 

2 

3 

4 

5 

6 



When the simulation is complete, perform the following keystroke 
sequence: 

2nd STAT (above MATRX) ► ► C DATA 3 7 CClrStatl ENTER ENTER 

2nd STAT fr> ► C EDIT 3 ENTER 

and enter your data as follows: 
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XI * 0 ENTER 

Yl ■ (enter the frequency for 0) ENTER 
X2 » 1 ENTER 

Y2 ■ (enter the frequency for 1) ENTER 

and so on, until all the data has been entered. 

Then perform the keystroke sequence: 

2nd STAT Cl-Var] ENTER ENTER 

and record the TI-81 display of: 



x = Sx 

Ex * ax 



2 n = 



Then perform the keystroke sequence: 
2nd DRAW (above PRGM) ENTER ENTER 

RANGE (top row just below the screen ) and set the following; 

Xmin » 0 ENTER 
Xmax = 7 ENTER 
Xscl = 1 ENTER 
Ymin = 0 ENTER 
Ymax * 25 ENTER 
Yacl * 5 ENTER 
Xres = 1 ENTER 

2nd STAT ► ENTER ENTER 

and the calculator will display a histogram for your data. 
To turn off the calculator: 2nd OFF (above ON). 
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EXPLORING THE VIEWING WINDOW (HP48S) 



1. Viewing Window (Rectangle) . The display screen shows only a 
rectangular portion of the Coordinate Plane (x-y axes) . This is 
determined by XRNG (x range) and YRNG (y range) . The standard 
window is XRNG -6.5 to 6.5 and YRNG -3.1 to 3.2. WHY? We'll see 
shortly. This gives a rectangle of [-6.5,6.5] by [-3.1,3.2]. 

The display screen consists of a rectangular array of "lights" 
called pixels. A point on the screen is shown by lighting up one of 
the pixels. 

PROBLEM 1. Set XRNG to -10 to 10 and YRNG to -10 to 10. Go to the 
PLOT menu then PLOTR and graph anything. Now press COORD to see 
where the cursor is located, and use the arrow keys to move the 
cursor left, right, up, and down. Cbserve the coordinates as you 
proceed. 

(a) What are the screen coordinates of the four corners of the 
display screen? 

(b) Now change the viewing window by going back to PLOTR and using 
RESET (2nd page of the menu) . Move the cursor around again, 
examining the coordinates as you proceed. What is the difference 
in coordinate value types? Are the values easier to read? WHY? 

The display screen has 131 columns and 64 rows of pixels, for a 



PROBLEM 2. Graph the function 
y = -3x 2 + I2x + 5 
by using, in turn, the following viewing rectangles: 

(a) [0,5] by [0,5] (that is, XRNG 0 to 5, YRNG 0 to 5) 

(b) [-10,10] by [-10,10] 

(c) [-5,20] by [-10,20] (XRNG -5 to , YRNG to ) 

Which of these gives a "complete" graph? 

Now focus in on the "flat" portion of the graph by viewing the 
graph in [0,1.5] by [-30.2,-29.6] or by zooming in after moving the 
cursor to the flat portion. 

PROBLEM 3. Find a good viewing rectangle for a "complete" graph of 

(a) y = 2x* - 40x + 150 

(b) y = 20 + 9x - x 3 



total of 



pixels. 




EXPLORING ABSOLUTE VALUE AND STEP FUNCTIONS (HP48S) 



SPECIAL FUNCTIONS 

This lesson will help you to graph and explore several special 
functions in Math, namely the ABSOLUTE VALUE function, the 

FLOOR function (greatest integer) and the CEILING function. These 
can all be found in the MTH menu (R2,C1) under PARTS. 

1. (a) Press the MTH key, followed by PARTS (first white key) 

•ABS x ENTER ==> to get ABS(X) on the stack 

' Y STO ==> to store it into Y 

Now graph using a XRNG of -4 to 4 and AUTO under PLOT 
(b) Using VAR, recall the value Y ( 1 Y ENTER) and EDIT the 
equation to get ABS(X - 4) then graph without erasing. 
How does this compare to (a) . 

2. (a) FLOOR is defined as FLOOR(X) = largest integer which is 

less than or equal to X, e.g., FLOOR(5.3) = 5, FLOOR(0.7) = 0. 
Press MTH, then PARTS. FLOOR is on the third page of the 
PARTS menu. 

•FLOOR U X ENTER ==> to get FLOOR(X) on stack 
• qL Y STO ==> to store it into Y 

Now graph, using an XRNG of -4 to 4 again. What does the 
graph appear to look like? 

To get a better idea of the "correct" version, use 
ORANGE MODES (R2, C3) go to page 2 of the menu and press the 
white key for CNC to remove the white square, turning off 
CONNECT. Then replot the function. Now what do you see? 
(b) Now go back and plot FLOOR (X + 2) . How does this compare 
to (a)? 

3. (a) CEILing(X) = smallest integer >= X. 

CEILing(4.3) = 5 and CEILing(-3.2) = -3. 

CEIL can be found next to FLOOR in the MTH PARTS menu. 
Graph Y = CEIL(X) and CEIL(2*X) and CEIL(X -1) . 
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EXPLORING PIECE-WISE FUNCTIONS (HP48S) 



FUNCTIONS DEFINED IN PIECES (Piecewise) 

This lesson will help you in using the graphing calculator to 
graph functions defined in two or more "pieces". ! _rst make sure 
you are in CNC mode by checking MODES. 
EXAMPLE: 

f(x) = f-2x if x < 0 
( x 3 if x >= o 
This function really says, 
given a value x: 
if x < 0 then 

compute -2*x as f(x) x — > 
otherwise (else x >= 0) 
compute x A 3 as ffx) 
The calculator uses programming (PRG) features to define the 
function: 

Press PRG (R2,C2) and go to the BRCH (branch) menu; then 
NEXT NEXT to get to page 3 of that menu to find IFTE (if-then- 
else) . IFTE has the form 

IFTE (condition, expression, expression) so we press 
•IFTE ===»> gives IFTE ( ) 

X PRG TEST (menu) NEXT (page 2) < 0 ORANGE , -2 * X 
ORANGE , X y x 3 ENTER 

1 Y STO ===> to store the function in Y 
Now go to the plot menu to plot this function in the usual way; 
find a good viewing window. 

EXAMPLE: Now graph the function 

y - f (x) = p2x - 1 if x <= -2 

(x 2 if x > -2 
What does the graph appear to show? 
Go to the MODES menu and change CNC if necessary. 

EXAMPLE: How would we define, using the calculator 

C 2*x if x < -2 
y = f(x) = < -4 if -2 <= x < 2 
( x - 3 if x > 2 
To accomplish this, we must replace the second expression in 
IFTE by another IFTE, as follows: 
' IFTE(X <- -2, 2*X, IFTE(X < 2, -4, X - 3 ENTER 
' o( Y STO 
Now plot this function. 



if x < 0 then 
y < 2*x 

else 

y <— 3 



— > y 
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EXPLORING PROPERTIES OF GRAPHS (HP48S) 



1. Graph y » xV/5 - x z after RESETting window. 
Domain = ? 
Range * ? 

Try to find an XRNG which gives a "complete" graph, that is, 
one which reaches the x-axis at its ends. 

Use the FCN menu to determine the (approximate) high and low 
points on the graph. This is done by moving the crosshair 
close to the desired point and pressing the EXTR white key. 
Low point = ( , ) , High point - ( , ) . 



2. Graph y = x 4 - x* on XRNG [-2,2] and YRNG [-1,1] 

y = x 6 - x 4 
y « x 3 - x 
y = x 5 - x 3 

Discuss the similarities and differences in the graphs, 
including ranges, intercepts, where the graphs are increasing and 
decreasing, and high and low points. You may graph them together 
and/ or separately. 

Also graph x 4 - l on the same grid with a wider XRNG of -6 to 6. 
Compare the graphs close to 0 and away from 0. 

3. Enter the equation 2x + 1 = (x - l)/2 and graph it using an 
XRNG of [-3,3] and YRNG of [-2,2]. What do you notice about 
these graphs? Are they inverses? How can you tell. Is the 
first one-to-one? The second? Draw y «- x on the same set of 
axes. 

Enter the equation x 3 = \ 3 / /3Tin the window [-3,3] for X, 
[-2,2] for Y. Then superimpose y - x on this graph. What do 
you notice about the graph of y = x and the other two graphs? 
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EXPLORING PARABOLAS (HP48S) 



Usino the EOUATIONwriter ; 

The EQUATIONwriter allows us to enter expressions and equations 
in a simpler fashion . This lesson will illustrate the idea by 
entering the equation 

y - k - a(x - h) 2 
and graphing for different sets of values for the parameters a, h, 
k. 

1. PURGE X and Y; 

« ol X ORANGE PURGE 
• V Y ORANGE PURGE 

2. Use the equationwriter : 
ORANGE EQUATION (ENTER key) 
C* Y - oi K ORANGE = (0 key) 

o* A * ORANGE () <X X - c*H>y x 2> ENTER 
to get the equation onto the stack. 
« PARAB STO 
3. Now select VAR to see the defined equations & functions. 
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EXPLORING POLYNOMIAL FUNCTIONS (HP48S) 



In this session you will examine the behavior of polynomial 
functions at the "ends", far from the origin, and close to the 
"middle" of the functions. The choice of an XRNG and YRNG over 
which to graph will make a big difference in the way you view the 
graph. You should experiment to get the "best" possible view. 

To see what is meant by the above remark, first graph 

y =• x 4 - 15x 2 + 2. over an XRNG [-20,20] using AUTO. Before 
graphing, discuss the symmetry of the graph. Discuss the features 
of this graph. What graph does it resemble? Now graph y = x 4 on 
the same set of axes. What do you observe? Does this give the total 
picture of the function? Now go back and graph the original 
function over an XRNG of [-4,4] using AUTO. Now what can you say 
about the graph? Notice the difference between the behavior close 
to the origin and far away from the origin. 
CUBICS 

1. Recall the shape of the simplest cubic polynomial, y = x 3 . You 
should already know what happens to that shape if you make slight 
changes, such as y = -3x 3 or y = 2(x + 3) 3 . Make a quick sketch 
of those three graphs, without using your calculator. How many 
x-intercepts does each one have? Show these carefully. 

2. (a) Now try graphing the following cubic: 

y = f(x) = x 3 - 6x 2 + 8x 

on XRNG [-10,10] AUTO. How many x-intercepts? What are they? If 
you can't tell draw the graph using XRNG [-1,5]. Now what are the 
x-intercepts? Use FCN (from the menu) and find the x-intercepts and 
high and low points (turning points) using ROOT and EXTR from the 
FCN menu. Label these locations carefully. 

(b) Try the same thing on f (x) = x 3 - 6x 2 - llx + 6. Use a narrow 
interval on the x-axis. Sketch the graph labeling the x-intercepts 
and high and low points (turning points) . Does the graph resemble 
y = x 3 at all? How. How do they differ? 

3. clear the screen and try twc more graphs, one at a time: 

(a) y = g(x) = x 3 -■ 5x 2 + 8x - 4 

(b) y « h(x) = x 3 + x 2 + x - 3 

Note (i) the number of root* (zeros, x-intercepts) 

(ii) the number of turning points 

(iii) whether the ends of the graph go up or down. 
Write your results. 

4. Now graph the following cubics, one at a time. Observe the 
similarities and differences as well as the features discussed 
above. Write your observations: 

(a) y = -x s - 6x 2 + llx - 6 

(b) y = -x 3 - 5x 2 + 8x + 4 

(c) y = -x 3 + x 2 + 3x + 4 

(d) y - -x 3 - x 2 - 3x + 4 

5. Try some cubics with leading coefficients not equal to 1 or -1. 
Now try to generalize about the graphs of cubic polynomials. 
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Graphing Calculator Explorations (flP4as) 



1« Find the simultaneous solution to the system of equations 
y * x 2 
y « 2 X 

That is find where x 2 = 2 X . To do this, first graph the set of 
equations {x 2 2 X } in the standard viewing rectangle. Where is 
2 X > x 2 and where is 2 X < x 2 ? 

RECALL that you can graph several equations at one time by using 
ORANGE {} • EQ1 ' SPC • EQ2 • .. 

2. Draw complete graphs of the following functions, examining the 
end behavior of the functions as x — > + oo: 

(a) f (x) = x 2 

In x 

(b) g(x) = In x 

x 

(c) h(x) = X 

In x 2 (examine this also as x — > 1" 

3. The area of a triangle is to be 150 sq. ft. Draw a triangle. 

(a) Write the height of the triangle as a function of the length 
x of its base. Draw a complete graph of this function. 

(b) Find the domain and range (graphically) . What values of x 
make sense in the context of the problem, that is, in relation 
to what x represents? 

(c) If height « 800, find x. 

4. Graph the following systems of equations on the same coordinate 
system and find the points of intersection by moving the cursor 
and/or using ISECT under the FCN menu.- FIRST solve each equation 
for y: 

(a) x 2 - y = 0 

y - 2x - 3 = 0 



(b) 
(c) 
(d) 



x + 3y = -1 
2x - y = 5 

3X + y = 6 
6x + 2y = 12 



+ y. 



19 



X 2 + y 2 = 25 
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Rational Function Explorations (HP48S) 



A rational function is a function of the form P(x) 

Q(x) 

where P and Q are polynomials. Your assignment, in preparation for 
a general discussion of rational functions, is to 

1) graph the given functions, first in the standard window (use 
RESET if necessary) ; 

2) describe features of the graphs - where they are increasing, 
decreasing, any turning points, the end behavior. 

First graph each function in the standard window. Then change 
XRNG to 0 to 13, then 10 to 23, then 20 to 33 to explore the 
right end behavior. Adjust YRNG if necessary, or use AUTO. 
Similarly, to explore the left end behavior (negative x) , use -13 
to 0, then -23 to -10, then -33 to -20. 

NOTE: These XRNGs are to keep the difference between the lower and 
upper ends equal to 13, the same as -6.5 to 6.5 (standard). 



Function 


set 


1: 


(a) 


1 


(b) 


1 


(c) 


X 


(d) 








X 


x - 


1 X 


- 1 


X 


Function 


set 


2: 


(a) 


1 




(b) 


X 


(c) 


X 2 








X + 


3 


X + 3 


X + 3 


Function 


set 


3: 


(a) 


1 




(b) 


1 


(c) 


X 








X s 




x 2 - 4 


x z - 4 


Function 


set 


4: 


(a) 






(b) 


X 


(c) 


X 2 








X 2 + 


4 


X 2 + 4 


x 2 + 4 



- 1 



(d) 



x* 



Draw rough sketches of the curves, copying the viewing screen of 
your calculator. Label key points. Discuss the features listed 
above, using the calculator as an aid. Discuss any similarities and 
differences within each function set and between function sets. 
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EXPLORING POLAR GRAPHS USING THE HP-48S 

Be sure to set the PTYPE to POLAR 

XRNG to -1 1 
YRNG to -1 1 
INDEP to < "T" 0 6.29) 

1. Graph the polar equations R-- SIN< 2*T) ; 

R- COS<2*T); 
R = SIN<3*T>; 
R= C0S(3*T) . 

Explain the similarities and differences you see in the four 
graphs . 

2. Now graph R = C0S<1.35*T>; 

R = COS<1.4*T); 

R = COSU -5*T> . 
Explain what happened in each graph. Why are they similar? 
Different? 



3. Graph R =SIN<2.5*T>; 

R =SIN(2.8*T>; 
R =SIN(3.1*T>; 
R =SIN(3.25*T); 
R -SIN(7.35*T> . 

Explain what happened in each of these graphs. Why are they 
similar? Different? 

4. Considering all the graphs you just did, can you state a 
general property for these rose curves? 
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CALCULUS WORKSHEETS 



This section contains original worksheets 
suitable for the calculus level. Some materials 
are appropriate for use with any graphing calculator, 
Others are calculator specific (TI-81, HP48S) as 
indicated. These worksheets may be duplicated for 
non-commercial use . 
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USING NEKTON'S METHOD TO KIND ROOTS OF A POLYNOMIAL (General) 



Newton's Method is a process for approximating the roots of a function and utilizes the following 

procedure. Perform the actual process from step 1 through step 4 for the function given by y = x - 
x + 1 using x = -1 as your first guess. 

1) Guess at a root of the equation. 1. x= 

2) Find the coordinates of the point on the curve. 2. y = 

3) Find the equation of the tangent line to the curve. 3. y = 

4) Find the x-value where the tangent line intersects the x-axis. 4. x = 

This is the next approximation and would be used in step 1. 

5) Use your calculator to sketch a graph of the function and and the tangent line. 



6) The process now repeats and is summarized in the formula 
f ( x n) 

x n + i-x n f (x . • 



n) 

7) Use this formula to find a root of f(x) to ten decimal places. Place your successive x values in the 
table below. Add to it if necessary. 

x 2 , 

x 3 

*4 

*5 

x 6 
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EXPLORING LIMITS USING THfc T 1-8.1 



2J3CTIVS The objective of this exercise is to use the trace f«Lt»™ *„■ .+ « . , 

functions at specified values, feature to.estiaate limits of 




1. Use f(x) = 



to complete the following. 



Graph f(x) and use trace to complete the table below for f(x) as x approaches 0 
trom ooth the left and right Use -Z4 < x £ 125 arid -32<v< 3.1 



X 


-.2 


-.15 -.1 


-.05 


0 | .05 


.1 


.15 


. .2 


f(x) 




r i 




1 









l; lira f(x) - 
2) ^ f (x ) - 



3) lim f(x) 
x-*0 



*0 f(0) « 

x 

i. Use f(x) » j-^-j to complete the following. 

Graph f(x) and use trace to complete the table below for f(x) as x approaches -2 
from both the left and right Use -3.4 <S x £ 135 and -20 £ y <; 20 



X 


-Z2 


-2.15 


-2.1 


--2.05 


-2 -1.95 


-1.9 


-1.85 


-1.8 


f(x) 










1 









1) liffl f(x) - 
x>-2~ 

2) liffl f(x) - 
x*-2 

<0 f(-2) - 



3) lim f(x) 
x-»-2 



c*-l 



3. Use f(x) = — ^- to complete the following. Create your own table-of -values and 
graph the function in the window -4.8 ^xS 4,7 and -3.2 £ y £ 3.1. 



1} x^f- f(x) " 

2) lim* f(x) - 
x-*l 

*0 f(l) - 



3) lim f(x) - 
x-»l 
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HOMEWORK EXERCISES 



1 * = 2xT~T ~ 4 * 8 * x * 47 and -32 £ y £ 31 



X 


.1 


.2 


.3 


.4 


.5 


.6 


.7 


.8 


.9 


f(x) 





















1) 11m. f(x) 

2) lim f(x) 

sin x 



3) llji f(x) 
x-»* 



2. f(x) = 



-4.8 £ x £ 4.7 and -32 £ y < 3.1 




1) x ll g . f(x) 

2) lim, f(x) 
x-*0 

<0 f(0) - 
x2-4 



3) lim f(x) 
x-*0 



3 * f(x) = 4xT~8 " l4SxS L35 and~32<y<3.1 




1) lim f( x ) - 
x*-2" 

2) lim, f(x) - 
x*-2 

*0 f(-2) - 



3) lim f(x) 

X-»~2 
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EXPLORING THE BEAN VALUE THEOREM WITH THE TI-81 



OBJECTIVE The objective of this exercise is to use the trace ani statistics features to 

graphically estimate the numbers, c, that satisfy the conclusion of the Mean 
Value Theorem. 



CLASS EXAMPLE 
Step li 



Set y 1 - 5x' i - 3x + 1 . 



Step 2 s Press |2- d l |oTAT| . 



Move the cursor to ' DATA' and press | ENTER 



Step 3 1 Set x x - 0, y, - 1 and x 2 - 2, y, - 15- These are the two points on graph y„ tha- 
we are using to create our secant line. Therefore the interval over which we 



are analyzing is £.0,22 • 



Step 4i Press 



2"- 



STAT 



Move t he curs or to 'LinReg' and press ENTER 
Press | ENTERi again. 



Press y«= and move the cursor to y ? . Press yARS 
Move the cursor to *LR*. 



Highlight *RegH£' and press ENTER 



What did this step create in y 2 « ? 



Set y 3 - y 2 - y 1 . '■ " — 

Step 5« Using range factors of xmln - -.25, xmax - 2.125, ymin - -5, ymax - 20, .era* 

y l a " d ^2 on the same > We are seeing the graph of the function and the* 

graph of the secant line. 

Step 6 t Clear the graphs of y. and y . Graph 

Use the trace key to find thl max or min value(s) of y over the interval being 
analyzed. The corresponding x-value(s) estimate the c for the Mean Value Theorem, 
c = 



HOMEWORK EXERCISES 



1. y 1 - 2.1x 4 - 1.4x 3 ♦ 0.8x 2 - 1 

points (0,-1) and (l,£) 

xmin - -1 
xmax * 2 
ymin - -2 
ymax - 2 

answer i c «s .64 



2, y - a *n(2x) + cos x 
1 2 ♦ cos(Trx) 

points (0,1/3) and (1,1.4495994) 

xmin - -.25 
xmax - 1.25 
ymin - -.5 
ymax - 2 

answerss c J3r ,30 , .84 
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J INVESTIGATING SLOPE ANU THE NDeriv FUNCTION ON THE TI-81 



OBJECTIVE The objective of this exercise is to become familiar with the use of the 

NDeriv key "and how it relates to the slope of the secant line. 



Following is the description of the NDeriv key from the TI-81 calculator manual. 

NO«rM requires mo arguments. The first argument is an 
expression in terms of X. The second argument is a delta 
X. The numerical derivative value is the slope of the 
secant line through the points (X- AX.f (X- AX)) and 
(X + AX,f (X + AX)) for the current value of X. This is an 
approximation of the numerical derivative of the 
function at X. As AX gets smaller, the approximation 
usually gets more accurate. 



3 LASS EXAMPLES 

For the given function, estimaze the desired derivative using &x * .001. 



1. f(x) = x 2 - 3x + f '(2) « 

2. f(x) - 3x 3 - 2x f*(l) - 

3. f(x) - x k + x 3 - x 2 - 2 f(-2) - 

4. f(x) - sec x f'(f) - 

HOMEWORK EXERCISES 

1. f(x) - 2x 2 - x + 3 f '(3) « 

2. f(x) - x 3 ♦ 2x 2 - a f'(-l) » 

3. f(x) - -3x 4 ♦ x 2 - 1 f(|) - 

4. f(x) - 2 cos 3x f f (-3TT/2) - 

5. f(x) - tan x + sin x f'(7r) - 
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GRAPHING THE DERIVATIVE OP A FUNCTION USING THE Tl -81 



3|SETIVE The objective of this exercise is to use the MBeriv key to graph the derivative 

! of a function. 



LASS 3XAMPLES 

For the following functions, a) enter f in y^ and graph f over the given domain and 
range, b) enter NDeriv(y lt .0001) in y 2 and graph y?, c) determine the equation for 
f ' and enter it in the space below, and d) draw ana label both graphs on the grid 
provided. 

1. f(x) - x 2 - 3x * k i standard values 
f(x) » 



2. f(?0 - 2 cos x j -6.28 < x £ 6.28 and -3 < y < 3 
f'(x) « 
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EXPLORING L1H1TS OP TRIGONOMETRIC EXPRESSIONS USING THE HP- 



1. Letf(x) = and g(x) = 

sm(/x) ° v ' sin(2x). 

a) Use the standard viewing rectangle to graph f(x). Sketch the graph below. The standard 
viewing rectangle is given by -6.5 < x <6.5 and -3.1 < y < 3.2. 



b) From your graph determine each of the following limits. 



lim f(x) = Hm f( x ) - 

x->| x->0 

c) Use the standard viewing rectangle to graph g(x). Sketch the graph here. 



d) From your graph determine each of the following limits. 



lim g(x) = 



x->- 



lim g(x) 
x-)0 



e) Complete the following tables to observe some of the above results numerically. 
x -1 -.01 -.001 .001 .01 .1 

g(x) 



What is lim g(x)? 

x->0 " 



1.56 



1.565 



1.57 



g(x) 



What is lim g(x) ?. 
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What is lim g(x)? 
x->0 + 



1.575 



1.58 



What is lim g(x)? 
x->f + 



2. Let h(x) = "" ^1 . Use a viewing rectangle -2 < x < 4 and -4 < y < 4 and graph h(x) 
a) Sketch your graph here. 



b) From your graph determine each of the following limits. 

lim h(x)= lim h(x) = 

x -» r x -» i + 



c) Complete the following table to observe some of the above results. 



x .99 .999 1.001 1.01 
gM 

What is lim h(x) ? What is lim h(x) ? 

x -> 1" x -> l + 
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EXPLORING DERIVATIVES GRAPHICALLY USING THK HP-48S 



1) 



Graph sinx in the SVR. 
On your graph determine each of the following function values. 



f (.7) = 



f(-8)= _ 



Use this information to compute the slope of the line through those points, (m = ) 
Use symbolic methods to compute f (.75) when f(x) = sinx. Show your work. 



Find the equation of the line tangent to sinx at your computed value (.7, f(.7)). (Show your 
work below.) Draw the line on your calculator, but do not erase your previous graph. You 
will now have a graph of sinx and a line tangent to it. 



2. a) Graph y = x 2 in the SVR. Leave the cursor at the origin. Zoom in using an xy factor of .01. 
Sketch a picture of the graph, particularly the way it looks around (0,0). 



b) Graph y = |x| in the SVR. Leave the cursor at the origin. Zoom in using an xy factor of .01. 
Sketch a picture of the graph, particularly the way if looks around (0,0). 



c) Compare your two graphs in a and b noting the difference between a graph where the derivative 
exists and where one does not. 
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USING DERIVATIVES & DIFFERENTIALS TO APPROXIMATE FUNCTION 



VALUES USING I'M, HP-48S 

1) Consider the graph of the function f(x) = x 3 - 9x + 1 1. Find an equation of the line tangent to the curve at the 
point (2,1). 



2) Enter the following into level 1 of your calculator. 

C xA ?J"? * X+1 ^ ' 3 * x " 5 ') Treat this as a Unction and graph it in the SVR. Sketch the graph below This 
should be the graph of a function and a line tangent to it. 



3) Center the graphs at (2,1) and zoom in with a factor of .2. Move the cursor around to approximate where the 
line and the curve appear to have the same coordinates. 

What is the minimum x-coordinate? 

What is the maximum x-coordinate? 

4) Complete the following table using the x-coordinates you obtained above to calculate the corresDondins v- 
coordinates. y & 3 

x 3 - 9x + 1 1 3x - 5 

x max 

5) Both curves go through the point (2,1). Sketch a graph that emphasizes the differences illustrated by the above 
numbers. Label each point with its coordinates. 



6) Recall Ay = f(x u +Ax) - f(x () j. Calculate this difference using the point (2, 1 ) and Ax = x max - 2for the cubic 
function above. 



7) dy is the corresponding differences measured from the tangent line rather than the cubic. Calculate this value 
using the points (2,1) and (x max , f(x max )). 



8) Verify that dy = f(x 0 )dx where dx = Ax by calculating the product f (x 0/ idx at x u = 2 
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EXPLORING LINEAR APPROXIMATIONS TO FUNCTIONS USING THE HP-48S 



Recall that the linearization of a function £(x) at x - a is 
L(x) = £(a) + f<a)*(x - a), 
that is, the tangent line at x -• a. This line is the "best" linear 
approximation to the function at the point. 

This lesson will help you explore the linearisation function to 
see why it is a good approximation to the function. First you will 
find the linearization of a. function and graph the function and its 
linearization on the same set of axes using PLOTR. Then you will 
evaluate the function and its linearization for a number of values 
close to the point of tangency, using the SOLVR. 
EXAMPLE 1: Consider the function 

f(x) ~ N/jTat the point x = 4. 
Find the linearization L(x) for this function. 

Draw the graphs of £ and L together on the same set of coordinate 
axes and make a table of values of both functions for comparison. 
Use values which approach 4 from the left and the right. 

f(x) = \/x" = = > f'(x) = 

so f(4) = ■ 
£'(4) = 

L(x) = 



Graph f(x) using the default screen and plot L(x) over this 
graph. Then use SOLVR with \/x~ = .25x + 1 

x 3.5 3.9 3.99 3.999 4.5 4.1 4.01 4.001 

*• v X / 



L(x) 



EXAMPLE 2: Now try the Same thing for f(x) ~ sin(x) at 
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JRXPI.nRINK THE MKAN VALUE THEOREM ON THE HP.-4BS 



This worksheet is a preview of the Mean Value Theorem which says that under certain condition if you take two 
points of a function and draw the secant through them there is a point on the graph of the function between the two 
onginai points whose tangent is parallel to the secant. 

1) Consider the function, f(x) = .4x 3 + 1.4x 2 + .9x + .7. 

a) Sketch this graph in the SVR on the grid below. Two grids are provided if you wish to use one a scratch.. 

b) What is f(-3.3)? 

c) What is f(.9)? 

d) Calculate the slope of the line through those two points. 

e) Graph the straight line through those two points on your previous graph. 

2) J?S y £ U S ?^ ph ^Vk a i^v ight line which is tan S ent t0 yo ur function and parallel to the line through 
(J.J, r(-3J)) and (.9, f(.9)). . ° 

3) Give an equation of the line you estimate in section 2. 









-7K 


1 H 




.' ! 









-. 3.2 



.— 1-. -3.: 



-6.5 



5.5 
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EXPLORING KXTRBHA AND INFLECTION POINTS WITH THE KP-48S 



In the following calculations, use g(x) = x 5 /10-2*x 4 /3+2*x 3 /34-2*x 2 -2*x+l = — - 

10 j 



2x 4 2x 3 



+ 2x 2 - 2x + 1 



1) In this worksheet, we want tc examine the relationship of f '(x) to f(x) We know that if PYxi *n th™ fVv^ 

(-4,4) -4 a graph withthis shape is called concave up. It occurs when the first derivative is 

r-2 A i increasing That is, when the second derivative is positive. Similarly, when the s-cond 

(0^2) 0 15 negUtlVe ' that is the first derivative is ^creasing, the cu£e is conSLe down. 

(2,'-l) 1 

(3,1) 3 

(4,4) 4 



2) On Grid #2 sketch a graph of h(x)=: 5 -x 2 . Calculate h"(x)? 
What is the sign of h"(x)? 



". * 










1 

1 




I — j 

1 




1 

1 


: 



GRID#1 




-5 



GRID #2 



OVER 
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3) In the following, we wit! examine the graph of the function g(x) above. Use the SVR to graph g(x), g'(x), 
and g"(x) on the grids below. Use the following pattern. When g(x) is concave up, use dashes; when g(x) is 
concave down, use a solid line. When g'(x) is increasing, use dashes; when g'(x) is decreasing use a solid line. 
When g"(x) is positive, use dashes; when g"(x) is negative use a solid line. Draw vertical lines beginning at the 
zeros of g"(x) through the extrema of g'(x) and on up through g(x). These vertical lines should hit g(x) at points 
where the concavity changes. These are called inflection points. (I have included two sets of grapns so that you 
may use one as scrap. Your final answer should be on the right hand set.) 



g'(x) 



" — I — l — r 



-6.5 



3.2 



6.5 



;■ ■ ■ -/ 


s - ■ - ■ 








— — H — >\ 

i i i 


-6.5 6. 



-6.5 



; -3.1 
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- 




.... -3.1 



6.5 



g"(x) 



-5.5 



4) Discuss relationships between a function and its second derivative. 
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NEWTON'S METHOD ON THE HP48 



Recall that to solve f(x) =0 using Newton's method, we take an 
initial "guess" at the solution, x 0 , and then compute succeeding 
approximations by usina 

x n+l - x n " f-U n f / f ' (x n ) 
STEPS TO FOLLOW: 

1. Purge X by ===> J^x Orange PURGE 

2. Enter VX 

3. Enter the function f(x) (example x 3 - 4x + 1) 
• X A 3-4*X+1 ENTER 

ENTER again to duplicate the function 

4. BLUE 7) to differentiate one copy of the function 
(derivative with respect to Xj. 

5. Divide to get f(X) / f ' (X) 

6. Subtract (from X) to get 

X - f (X) /f ' (X) 

NOW go to the SOLVE menu to approximate. 

7. ORANGE SOLVE 

STEQ (white key) to make this function the current one. 
SOLVR (white key) 

now start evaluating the expression for various X values: 
ENTER X 0 , the initial approximation; 
Repeatedly 

ENTER to get another value for X on the stack 
EXPR = ? to get the value of the next approximation; 
Until two consecutive values are "close enough". 

Try (a) x 3 - 4x + l = o, using x 0 = 0; then try 1; 

(b) V 5 /33 by solving x 5 = 33 (WH/?) 



78 

EJM.HJWWBlHIJillJ / O 



EXPLORING ROO TS , BOUNDS, AND EXTREME OP A FUNCTION USING THE 
~Bl J -48S ■ 



The function P(X) - 1.5* EXP(-X/2) * SiN(2*X) 
represents damped harmonic motion. 



for x > 0 



1. Graph the function in a viewing window with X between -.1 
and 6.4, and ¥ between -1,6 and 1.6. 

2. What two curves will bound P<X) above and below? 

3. What are the roots of F(X)? Are these the same as the roots 
of SIN<2*X>? WHY? 

4. Do the extreraa of F(X) occur at the extrema of S1N(2*X)? 
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PROGRAMS 



This section contains original programs 
suitable for the precalculus and calculus levels. 
Programs for both the TI-81 and the HP-48S calculators 
are included. These worksheets may be duplicated for 
non-commercial use . 
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PROGRAM FOR EVALUATING A FUNCTION 
(TI- 81 Graphics Calculator) 

To enter a program into your TI-81 calculator, you oust enter the 
programing mode by striking the key BBS1 located in the third rov, third 
column of your calculator. To vrite a program you must cursor to the nght 
E (dark blue key, upper right hand corner of calculator) until you reach 
the selection EDIT. You vill notice that EDIT nov becomes darkened. Press 
the mm key located at the bottom right corner of your calculator. The 
folloving vill appear on your calculator screen: 

Prgml: 



You are nov ready to type in the name of your program on the line Prgml: 
immediately after the colon. 



Prgml: 



mm 



cm 



E V 



A L F 



X|T 



You are aov ready to enter your first program. 



: HM Rl/O] [ENTER | 1;DISP 



mm 



m [Jyf] (alpha! m 



mm 



HQMl (Tjl70| |v] 2tINPUf| [ENTER] 1 X|T ] ESM 
Y-var» 



cti rmt] mm ran HI 



mm 



: [PlGH 1»|I/01 jENTERj 1:DISP] C±D 



2nd 



[i ll 



mm 



TEST 



2nT1 |ETH1 1ENTER1 1:= 



mm 



C2D 



mm 



mm ITTI/Ol lENTERl ltDISP] |X|f 



mm 



This is the last line of the program. 

Prgml :EVALFX 
:Di«p u r 
: Input X 
:Yi-» X 
:Disp "lis" 
:Disp X 



Your program should look like: 



81 



80 



To store the prograa anri leave the programing Bode, press the 
olloving keys: 

QUIT 



_2fli 



mm 



To run the prograa you nnst: 

1. Enter the function you vant to evaluate by first pressing 1 Y= 1 
located in the upper left corner of the calculator to bring up 
the function display and then typing in the rule of the 
function you vish to evaluate. 

2. Press MM (Note: BXBC is darkened) 

3. Press IENTERI (Prgol appears in the screen of the calculator) 

4. Press IENTERI again. The folloving vill appear on the screen: 



X 



5. Enter the value for X for vhich you vish to evaluate the 
function and press IENTERI . 

6. The numerical quantity displayed on the right, side of the 
screen is the value of the function for the^ X you entered in 



step 5. I 
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SYNTHETIC DIVISION (TI-81 ) 



SYNDIV divides a polynomial P(x) of degree n by (x - c) 
after entering n, c, and the coefficients of the terms 
of P(x) where P(x) is in descending order. 



NOTE 



^Columns two and four are directions for locating symbols, 



Program SYNDIVL PRGM EDIT 3 SYNDIV 



:Disp "N" 
.'Input N 
:Disp "C" 
:lnput C 
:1->l 
:Lbl 1 
:0-*{x}(l) 
:IS>(I,N) 
:Goto 1 
:N->I 

:Disp "COEF" 
:Disp N 
:lnput A 
:Lbl 2 
:A-*{x}(l) 
:Dis? "COEF" 



{x} on 0 key 



:l - 1-*J 
:Disp J 
:lnput B 
:AC+B->A 
:DS<(I,1) 
:Goto 2 
:Disp "REM" 
:Disp A 
:Pause 

:Disp "QUOT" 
:N-*I 
:Lbl 3 
:Disp {x}(J) 
:DS<(i,1) 
Goto 3 



PRGM CTL 



PRGM CTL 
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THE QUADRATIC FORMULA (TI-81 ) 



Program QUADF PRGM EDIT QUADF 



•.ClrHome 
:Disp "A" 
:lnput A 
:lf A-0 
:Goto 4 
:Disp "B" 
:lnput B 
:Disp "C" 
:lnput C 
:B 2 -4AC-»D 
:lf D<0 
:Goto 1 

:(-B+VD)/2A-*R 
:(-B-VD)/2A-»S 
:ClrHome 
:Disp "THE ROOTS 
ARE" 
:Disp R 
:Disp "AND" 
:Disp S 
:Goto 3 
:Lbl 1 
:lf D<0 
:Goto 2 
:(-B)/2A-*R 
:ClrHome 
:Disp "THE REPEA 
TED" 

Disp "ROOT IS" 

Disp R 

Goto 3 

Lbi 2 

-B/2A->R 

(V-D)/2A-*I 

ClrHome 

Disp "COMPLEX R 
OOTS" 



PRGM I/O 
PRGM I/O 
PRGM I/O 

PRGM CTL ; 2 nd TEST 
PRGM CTL 



PRGM CTL ; 2 nd TEST 
PRGM CTL 



PRGM CTL 
PRGM CTL 

PRGM CTL ; 2 nd TEST 



:Disp "ONE IS" 
:Disp "R-" 
:Disp R 
:Disp "IM-" 
:Disp I 

:Disp "ENTER FOR 

NEXT 1 ' 

:Pause 

:ClrHome 

:Disp "SECOND IS 

tt 

Disp "R=" 
Disp R 
Disp "IM=" 

Disp I 
Lbl 3 
End 
Lbl 4 

Disp "NOT QUADR 
ATIC" 



PRGM CTL 



PRGM CTL 



QUADF solves quadratic equations 
of the form - 

Ax + Bx + C = 0 

after entering A,B and C. Real and 
complex solutions are reported. 

N OTE; Columns two and four are 
Lrections for locating symbols. 
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AUTOSCALE GRAPHING (TI-81 ) 



With a function stored in y. and values entered for x . 
and x max , AUTOSCL automatically chooses appropriate values 
for y min and y max ' sets the graphing window , and graphs y 



NOTE; Columns two and four are directions for locating symbols . 



Program AUTOSCL PRGM EDIT AUTOSCL 



:AII-Off 
:Disp "A" 
:lnput A 
:Disp "B" 
•.Input B 

: ^X min 

•B->X max 

:(B-A)/5-> 

:(B-A)/23- 

:A->X 

:C-*D 
:1-»l 



scl 



2 nd Y-VARS OFF 
PRGM I/O 
PRGM I/O 



VARS RNG 
VARS RNG 
VARS RNG 



2 nd Y-VARS 



Lbl 1 
X+H-+X 
FY 1 <;c 
Y^C 
If Y,> D 
Y t ->D 
IS>(I,23) 
Goto 1 

C->Y min 
mm 

D->Y mav 
max 

(D-C)/5->Y 

Y r On 

DispGraph 



scl 



PRGM CTL 
2 nd TEST 



PRGM CTL 
PRGM CTL 



2 nd Y-VARS RNG 
PRGM I/O 
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BASEBALL ; OVER THE "BIG GREEN WALL" ? (TI-81) 



This program for the TI-81 will graphically show whether a 
ball hit with an initial velocity of V ft/sec at an angle 
of A degrees will go over a fence F feet high D feet away. 
You will be asked to input: 

A the angle in degrees 
V the initial velocity (ft/sec) 
H the bat height 
F the fence height (ft) 
D the distance to the fence from 
the batter (ft) 



Prgm: BALLGAME 
Disp "ANGLE" 
Input A 

Disp "VELOCITY" 
Input V 
Disp "BATTER" 
Input H 
Disp "FENCES" 
Input F 

Disp "DISTANCE" 
Input D 
Param 
Deg 

Connected 
0~* Tmin 
5— >Tmax 
.5— »Tstep 
- . 5 — >Xmin 
D+20— ♦ Xmax 
40— »Xscl 
- . 5— *Ymin 
1 00— >Ymax 
20— >Yscl 
"D" — tX. 



I 1T 



: "FT(T< 1 )"-»Y 



IT 



'VTcosA 5 '— >X 



2T 



: "H+VTsinA-1 6T 

: DispGraph 
: End 



2... 




Recall that 



2T 



80mph a 1 1 7.3ft/sec 
90mph a 1 32. Oft/sec 
100mph * 146.7ft/sec 
1 1 Omph « 1 61 .3ft/sec 
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THE BINOMIAL SERIES (TI-81 ) 



The -following program will set up "¥=" and the range to show 
< :■; + 1 ) "K and the 2nd, 4th, and 6th degree polynomial 
approximations •for (K + 1) A K, 

Prgm6:BIN0M 

sDisp'-Y, ==(X + 1)"K" 

:Disp"Y,, =2DEG PDLY" 

rDisp'-Y, =4DEG PDLY" 

sDisp"Y^ =6DEG PDLY" 

:Disp"K=" 

s Input K 

: " < 1+X) "K" -> Y, 

: " 1+K*X+ <K (K-l ) /2) X'"2" -* Y t 

: "Yj* (K (K-l ) (K-2) /6) X A 3+ (K (K-l ) (K-2) (K--3) /24> X'"'4" -* Yj 
s"Y 3 +(K(K-1J (K-2) (K--3) (K-4) / 120) X A 5 

+ (K(K-1) (K--2) (K-3) (K-4) < K-5) /720) X" 6 " Y v 
: -2 -» Xmin 
s 2 -* Xmax 
: . 5 ~* Xscl 
: -5 -+ Ymin 
: 5-* Yma>; 
: 1 ~v Yscl 
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GRAPHING THE DERIVATIVE OF A FUNCTION jTI-8t ) 

OBJECTIVE The objective of this exercise is to enter a program into the calculator that 

will graph the derivative of a function. 



Enter the program at the right into your calculator. 
GLASS EXAMPLES 

For the following functions a) determine the derivative of f , 

b) enter f in y]_ and graph f over the given domain and range, 

c) use the program to obtain a graph of f and f , and d) draw 
and label both graphs on the grid provided. 

1. f(x) « x 2 - 3x - a } standard values 

f (x) = 



2. f(x) - 2 cos x ; -6.28 < x S 6.28 and -3 < y < 3 
f(x) - 
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Prgm: DERVPLOT 
Ail-Off 

(Xmax-Xmin)/10Q-*H 

.001->D 

DispGraph 
Pause 
Xmin*X 
Lbl 1 

NDenv(Y 1 ,D>Y 

Pt-Oc(X,Y) 

X-f-H+X 

If X<Xmax 

Goto 1 

Pause 



JLL 



HOMEWORK EXERCISES 

1. f(x) - 2x 2 • x + 3 I standard values 
f(x) - 



2. f(x) * x J - 2x ; -3 < x < 3 and -5< y£- 5 

f'U) - 



3. f(x) - 1/x 2 1-55x5 5 and -10 < y < 10 
f(x) - 



4, f(x) - 2 ♦ sin x j -6.28 <, x 5 6.28 and -2 
f(x) - 
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Solving Differential Equations by Euler's Method on the TI- 



■81 



The -Following program uses Euler's Method (Increment Method) 
solving first order differential equations. Assuming the D. 
y - f<x,y), store f(x,y> in Yl. The program allows you to 
select initial x and y values and to choose dx. It will give 
the new x and y value at each step then ask if you want to 
continue for the next x and y. 



for 
E. 

you 



Prgm 2: Euler 
Disp "THIS PROG 
Disp " INPUT X" 
Input X 

Disp " INPUT Y" 
Input Y 

Disp "INPUT DX" 
Input D 
Lbl B 

Y + Y1*D Y 

X + D —* X 

Disp "X = " 

Disp X 

Disp "Y=" 

Disp Y 

Disp "IF 

Input T 
: If T = 1 
sGoto A 
:Goto B 
:Lbl A 
: END 



ASE 



DY/'DX IN Yl 



DONE 1 , IF NOT DONE 0' 



Example 
Y' = xy 



y 2 Y(0) = 1 Find y when x = 1 use dx = .2 



press Y= 

enter on Yl = x (alpha) y - (alpha) y-2 
press 2nd CLEAR 
press PRGM 

^assuming the program has been stored under P-og 2) press 2 

You will be asked to in put x, y, and dx. 

After you input these values, you will be given that 

x = .2 and y =.8 

Since? we are not finished enter 0 
You will be given 
x « « 4 and y = « 704 

Continue this process until you gat •: - .1 and ' v » 6"7"^9 
Enter 1 to end the process. 
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Solving Differential Equations by the Runge-Kutte Method on the 
Texas Instrument TI-81 



The following program uses the Runge-Kutte Method for solving 
first order differential equations. Assuming the 



store f(>;,y) in Yl. The program allows 
and y values and to choose dx. It will 
value at each step then ask if you want 
:•: and y. 



y' = f (x,y) , 
you to select initial x 
give you the new y, and y 
to continue for the next 



PROG 
X" 

Y" 

DX" 



ASSUMES DY/DX IN Yl" 



Prgm 3s RK 
:Disp "THIS 
Disp "INPUT 
Input X 
Disp " INPUT 
Input Y 
Disp " INPUT 
Input D 
X-*P 
Y-*Q 
Lbl B 
Yl-» K 

(P+(D/2y-vX 
(Q+ (D*K) /2) 
Yl -» L 

<Q+ (D*L) /2> 
Y1-+ M 
(P+D) ~» X 
(Q+D*M>~» Y 
Y1-»N 

<K+2L+2M+N)/6-*R 
X -*P 

(Q+D*R)~» Y 
Y-»Q 

"X = " 
X 

H y = ii 

Y 

"IF DONE 1, IF NOT DONE 
T 



'2>-* Y 



Y 



Di sp 
Di sp 
Di sp 
Di sp 
Di sp 
Input 
If T ~ 
Goto A 
Goto B 
Lbl A 
END 



1 



Em amp 1 e 

y' ~ xy - y-2 Y(0) 
(See instructions f'r 
You will end with x 



= 1 Find 
jm F.uler , 
- 1 and y - 



v when 
but sel ■ 
; .75112 



- 1 use dx ■■= . 2 
?ct the RF program) 



9 

ERIC 



91 



90 



THE TRAPEZOIDAL RULE FOR INTEGRATION (TI-81 ) 



OBJECTIVE — — The objective of this exercise ia to program the calculator to approximate 
definite integrals by using the Trapezoidal Rule. 



LASS EXAMPLES 

1. Enter the program at the right into 
your calculator. 



2. Put each of the following functions 
into Y^ and for each one use the 
program to evaluate the integrals. 

2 



dx 



1 

b) ^1 ♦ x 3 dx 



7r 

c) \ sin ^x" 

0 



dx 



Prgm2 iTRAPRULE 
iClrDraw 

iDisp -LEFT ENDPGINT" 
i Input A 

iDisp "RIGHT ENDPOINT" 

i Input B 

«G~*S 

i(3-a)/N-»W 

iHI 

|A-*X 

iLbl 1 

tY^Z 

tA+IW-*X 

t.5(Z+Y-,)V»-S-*S 

tIS>(l,N) 

i Goto 1 

tDisp " " 

sDisp "TRAP APPROX" 
iDisp S 
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HP48S calculator program for gradient vector: 



Type: «F space Z space d» ENTER 

•FZ STO 

«F space Y space d» ENTER 
' FY STO 

«F space X space 9» ENTER 
' FX STO 

«F)< space FY space FZ» ENTER 
'GRADIENT STO 

Example: To obtain the gradient of the function f(x, y, z) = x 2 + y 2 + z 2 . type 
•XA2 + Y*2+Z*2 ENTER /F 
•F STO 

Now press GRADIENT to obtain 2x, 2y, 2z. 
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4********** **************************** * * ****** 



dx , wc need the folowing program: 



To do a double integral j f(x,y)dy 

*r» »Q * y = c 

******************** 

Type: « A space B space F space X space J » ENTER 
TNFAB STO 

« C space D space G space Y space J » ENTER 
TNGCD STO 

1 ENTER 'GSTO 1 ENTER FSTO 

2 ENTER DSTO 3 ENTER 'CSTO 
4 ENTER BSTO 5 ENTER 'ASTO 

***.<**************** iimivy 

To integrate f(x,y) = cos(x + y), x from 0 to 1, and y from 0 to x 2 , we have the double 
integral J cos(x + y) dy dx. This is done on the calculator as follows: 



Type: 'COS(X + Y)' ENTER 
'G STO 

(The function is stored as G since we are integrating over y first, 

„ and G is the function that is integrated over y.) 

0 ENTER 'CSTO W ENTER 'D STO 
0 ENTER 'ASTO 1 ENTER -B STO 

(You have now entered all the upper and lower limits. Note that C 
and D are associated with the integral over y, and A and B are 
associated with the integral over x.) 
INGCD EVAL T STO 

(This does the integral of G from y = C to y = D, and it stores the 
result under the label F.) 
INFAB EVAL 

(This does the integral of F from x = A to x = B.) 

Noting that the calculator does not produce a number for you 

blue arrow EVAL* *° integrand F is 100 ^P^cated to do analytically), type: 

v .„ , Oliis causes the calculation to be done numerically.) 

Your screen will show the value .15 3 
******************* 

To check whether we could have done the x integration first, we need to evaluate- 
* r i = i 1 

dy. On your calculator type: 



Press 



Press 



loenee 

It 



V7 



cos(x + y) dx 



*COS(X + Y) ENTER 
'VY ENTER 'ASTO 
0 ENTER 'CSTO 
INFAB EVAL 'G STO 
INGCD EVAL blue arrow NUM 
The value .15 will again show on your screen, which checks with the previous calculation 



FSTO 
1 ENTER *B STO 
1 ENTER DSTO 
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GETTING ACQUAINTED 



This section contains several hand-outs that 
can be used to help students (or faculty I) get 
acquainted with the TI-81 , HP-48S or the HP-48G. Enough 
detail is provided to introduce the reader to the 
important features of each machine. The topics are not 
exhaustive. Additional features await futher discovery. 
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Tl -8.1 Kraphiee. ('a t cu I a Lorn : 
Selected Topics to Enhance: V reca leu I us and Cdlculus 1 oi; j r uct i on 



1) features: 

menu • d r i ven 

can save and graph up to 1 functions* 
can trace over any function 
built-in pieeewise, parametric graphing 
can handle up to three bxb mat. noes 
thirty- seven program siotss 

'/) Keeogni 2 pa order of operations, e.g 'S/'J** I e nter j gives 
?. . bbb. . . 7 

However, a.l so r e cogn.i. zvs monomials 

e.g 4 I Ef.n I x ! hen press | ente rj 

2/Sx Renter ( gives as answer . Ib&fi. , . 7 

3) Recursion 

Let's ma ke a ta ble for the powers-, of two: 

?*'A I ent er ( : now pres s *2 again to nee on screen 
Ans * 2 ; keep pressi ng | enter? to generate the tabic 

Examples: wn i ch is better -- 51 (JUL) at b% compounded annually or 
quarterly? 

compare for three years. 



1 ODD* i . 06 teiLter.'l 

then *i.0b and press [enter"} tu3.ee 

Now iOQU*(i+ .(.16/4) TehterJ then * ( .1 t Lib/' 4) , 3n d press V enter! 
l;. more times. 

Question: .it my credit, card has an APR ot 2\.% , how long before my 
initial dent doubles? 

4) Generating a Random number 



an [Hat hi ilenu , press h to qrt to PKB section; press- J or [enter t to 
select KAMI; keep pressing tTTrr or i to generate as niany random, 
numbers between U and i as you want. 

b RAND or KAN Li 6 gives a number between 0 and b (but not equaJ 
to h) 

in general, KANU M, where N is any positive whole number, will 
generate a random real number x, where V < x < 1 

use J PART (on the "iA'1'H tfenu > to get just the integer part, so 
i I- 1 ART RAND fj ferTueTI gives; U, 1 ,'A , 3 , A ,ur h 

IRAK'!' KAN I) b * ! gives; 1 , / , '.i , A , h , n r b 

can use this Jor J) a i mu J a L i unsi 2 > randomly eo ] l.ect i ng homework 
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S) Uetlning Functions 



for lour functions 

x -7 for Y, ; press Q J n \ | r J f 2nd } laui t.t 

r ec aj J b e f o r e w e stored 4 in x; press x t o ufi e that ; now press 

C2S23 * va r \D select y, by pressing (enter"! < pressing [e nter! 

uii .l select whatever is highlighted on any menu) ; press \ c n Z e rj 
again to see value ut the function tor x---4 U9bU2) 

now l et ' s stor e a ne w value for x: 

1 01153 x fenter]; 

then j^nd | War si Renter ) lent, er | again gives 2 

while this process requires several keystrokes, it's stiJl better 
than typing in all tne* operations on a regular calculator ! 

Now press jT - J again, use V to get to Y« and type in Y- x^" - bx 
4 6 * **■ 

Wow [2nd_l jYAKSj press 2 f enter} to get the value ot Yo tor x ; -i 
which is 2 ' " 

b) Computing a limit numerically 

Press ^Y>~j and clear out Y, and Y^ 

let Y, ( y+2)/fv: S£ -4) ; j2nd. { I qui tj . Using the procedure outlined 

a Dove, compute the values ot Y, tor x ;: 1.8, ; . 9 , 1.99, 2.3, -2.1, 
2.(.).1 ' 

7) rtOLih'S settings: aJways leave in radians; it you want to do a 
computation in degrees, you can f ind degree sign on the Iff ATB\ me n u . 
For example, to compute the sine ot 30 degrees, press the f s i ri"l key, 
t ype in 30, then press \jMTl Q highl ight the degree symbol using the 
down arrow V and press 1 enter J . Press \ enter \ again to complete 
the computation. 



8) Graphing 



Just, press t GR APH! to see a graph of the function s.nred as Y, 

Not so good, so press 1 KOUn I and select 2 ( ZOOR IN) 

still not so good. Lets press lUANCKl to see the values. 

'1'hc 71 8; has 98 pixels across and hA down its screen. 9o starting 
at XMiN, each pixel is numbered across by increments of Ax, where 
& x - XflAX ■ XPIN. Similarly, «A Y Y MAX -YillN 
TF ~ ^3 

If. the increments are nice cleej ma.l :> , I i. k e .1 . then you see a nice 
graph. 



p r e 8 s j Y I to s e e s I o t s 



ly?H in 5 x A x I 'J 
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<Uhy does the asymptote appear? UJell, in this cant.- x '/. is not in the 
domain of the t unction. The calculator knout' this; however, based on 
the way the values are currently assigned to the pixels 
hor i zontal J.y , no pixel may represent. 2 at all. So, there is a pixel 
for an x a little smaller than 2 and a pixel tor an x a little 
larger than 2, and the calculator dutifully connects the points Li 
determines for those two x values. J t. never has t o do a computation 
for 2 itself 

So let's change to range settings to XHIN -~ -4.7 ; XP1AX ■- 4.8 ; 
YOI.N - -3.1; YP1AX 3.2 
To do this, when we press hIHSlOD . the cursor should he at. XrtiN • -■ 
just type in -4.7 (Remember the f T - } i Key is not the same as the 
subtraction key; mixing them up will really mess up a graph or a 
computation!). After you have ty ped in 4.7, just, press fen c.er'E ; 
then ty pe in 4.8 for XII AX , press rent eri . You can either press 
I e7fF£x3 or the ▼ to go over XSCL. Repeat this procedure for the y 
vai ues . 

Now press I_2ndJ \ Ql) ) '.['] and 1 GRAPH 1 . press j TRACK] and use left 
arrow J* to trace over curve to the left side. Notice the screen 
scrolls with the cursor. You can see that all the x- values differ by 
.1 now. As you trace over the curve, you'll see the x and y values 
at the bottom of the screen; note when x-2 , the y is blank. 



9) Solving Equations graphically 

T2U and 1 CLEAR) out Y, 
3 

let Y t -■ x - 2x (the cube sign is on the flATH menu) 

Y^ - 2 COS x 

Graph one at a time, so put the cursor on the - : sign for Y«. and 
press I'ente r\ 

then fGRAPHr . Placin g the cursor, on the equal sign for a function 
and pressing I enter j will turn jl on or otl - you can tell by the 
box that appears around the equal sign when the function is turned 
on . 

If ail of the stored functions are on, they ui l i all. be graphed in 
order sequent ially ( or simultaneously if '.his option is highlighted 
on the JUg flRTH menu ) . So, now turn on the other function and I L-iKAFtil 
again to see them together. 

Press ) [TRACE I ; the left and right arrows move along a curve; up 
and down arrows switch from one curve to the other. 

The curves apparentl y inte rsect in two places; let's find the right 
answer first. Press l^UOn\ and choose 13 OX . Use the Jour arrows to 
positio n the c rosshair for the upper left corner ot the box and 
press IKNTKTQ then move the cro^'i iai r to whatever you would like 
for the l ower right corner. Press IKNTKK J aga'n to re do the graph. 
Use ft'RACfq to compare the X and Y values lor the point oJ 
intersection. This zooming procedure may be done several times to 
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increase the accuracy ot the answer 



Now try to find t.he left answer 
the standard viewing window. Now 
the .left, intersect j on. What do you 



- - ? Hrrrss 
repeal 
{ i naily 



S^OOlli 6 to return to 
the above procedure around 
seoVVV ! 



A NOT 11 hi R KXAWPI.K: 
Press fYfj and clear 
pressing fCLEAR) . Now 
Me' re trying to soive 



out. Y, AN!) Y-^by highlighting each in turn and 
replace them with Y| in x f x and Y^- .1 
in x + x - 1, usmq the above procedure. 



10) Comparing Graphs: 

Since we can graph up to lour functions at a time we ran easily show 
horizontal and vertical shafts, e.g. y • JxJ, y - Jxt •» i , Y r 1 * t 
y - Ix-J.l , y - fx -2] 



11) Factoring: 

Graph y= x - bx + 6 and note that the two x-intercepts correspond 
to the two factors (x--2) and (x-3). 

for any polynomial f(x), t(a) -Gil and only if <x--a) is a factor. 

We will aiso use the fact that every odd degree polynomial has to 
have at least or.e real root. Factor y - x 5 - 3x * 'I. 

Graph it and we see one negative root, fzoOfj BOX as before to get 
the root to about 3 accurate decimal places. Leave the TR A C& cursor 
on your best a pproxim ation for that root. Now press HjlSti TQUITJ . If 
you press FTT CENTER 1 again u you will see the value of the root on 
your scr een . now press fBTOj. A to store the root as A. 

Press Q]Q and type in Yo. - Yt / (x-A). (Remember you can get. 
Y, from the YVARS menu). Press IJ35SHJ b to see both the original 
cubic and the new parabola graphed together. That parabola 
represents the second factor. Turn oil Yt and regraph Yx . 7.00P1 in 
to get the coordinates of the y intercept and t he vert ex. For 
example, after zooming in on the vertex, press n.'RACEJ and position 
the TRACK cursor as close as possible to the vertex. When you press 
r^ndl loTTTrl to return to the main screen, press LXJ IKNTKR ftj to see 
the x c oordinate; then press X!zE& @ . Now press EZMl IYVAR_S J 2 
fENTKRJ to select Y«j, then press fENTEiTl again to compute the actuaL 
y-value for your x (vou haven' t m oved the TRACE cursor, so that x is 
still remembered.) Now press ££322) K . The intercept, is earier to 
find (HOW?). Store the intercept, as I). Use the parabola form 

v - c<x-H) a> i K; if you substitute (U,U) tor (x,y) in that, 
formula, you'll find C - (IMO/H 3 -. Store t.he value C as we J J . 

Finally we cm graph Y3 CCx-Ii) 3 ^ K and Y^ (x-A)MY^ ) to 
compare our results with the original. You can turn various y '$ on 
and oft to see how well they agree . 
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First, an inlinite limit! compare the graph:; ul y. x 4x + h 
and y, - x* * ■ 

Graph both on the standard screen; then change the k/\NCK so that, x 
and y are both t rom - bO to bO. Hou about - .tilt! to 1 UG? What, does; 
that, mean for 

1 1 n x 

A -4jp- l b 

3 2. 

Hou about, comparing with y - x -3x \ x 4 3V 

Now we'll graph y -= x - .1 

' 'xi -'Ax -8 



also y •- 2x i- .1 -(- _ J 

Cx~JKxf2) 



and 



si n x 



x+1 



J. n each case, we're looking at the vertical asymptotes and general 
trends in the graphs, We may want to find "friendly windows" to 
eliminate the asymptotes, based on multiples of 9b as the difference 
between XMIN and XMAX, and multiples of 63 as the difference between 
YW1N and YtlAX. 

13) Look at y f ---- x -2.x fx -30. 

all cubic curves look like 
/ 



IL 




What is a complete graph of the above?? Try zooming in at the rjqht 
piace. Calculus fans may have some ideas. 

14) Investigating a function and its Derivative 
graph Y, »-- x - bx + 6 
Y L ■■■ 2x - b 



tiow about the function Y. 



< is on the ITKSTJ menu 



with Y., 



JX 



7.X I 



The TJ-81 also computes a numerical derivative. For Y. , you could 
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use .instead NUeriv< Y, , . 1 > (NlJeriv is found on the [WaLhJ Jfenu; 
the . it; a computation tolerance; a larger number gives a worse 
approx i nation . ) 



• ii>) We can SOLVK i nequal i Li es using the ahove idea 
JxH| > 2? 



How about 



lb) one last rectangular example: 



Let Y* ~ sin x 

Y>. == NDKR1 V( si n x, .1) the Numerical derivative is found on 

the HATH menu «8. 
Now graph Y~ ~ cos x 



!7) PAKAWifiTKIL' EQUATIONS change InODKSj t rom PUNCTJON to PARAflKTRiC 



The terris wheel problem Is in the TI manual. Basically, a person on 
the. ground wants to throw something to someone on a ferns whec. 
The parametric equations below are used to describe the motion at 
the wheel and of. the object. (Note in this case, leaving out some ot 
the operation symbols may mess up the computations; 'tis better to 
be sale than sorry, so put- them all in!) 



20 cost TT *T/6> 

2U ninCTVT/6) +21) 



7h - 30 T 
--16 T x i 3D w 



On tne RANGft , T has the values 0 to 12; x -2b to 10U, y -1 to 4b. 
(Note, in PAKAMKTRIC mode , this T will now appear on the RANGh 
menu. It didn't when we used function mode.) 

Graph sequentially, then change to SIMULTANEOUSLY to see the true 
motion according to time. TRACK will also snow all three values, I, 
x, and y. 



.18) POLAR EQUATIONS 

have to be typed in parametri cally as 



r cos 1. and y 



r sin t 



.Investigate rose curves r ■■■■ sin nT or r cos n'l 
integers, odd integers. How about n as a decimal 



for n even 

someth i ng you 



could never do before at a blackboard! 
to b.28 



Be sure that T runs from 0 



19) graphing i >'j^ 

obviously y ■ In x or y - log x 

but at Jast a use tor the base change formula 



6 



.1 n a / I n b 
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to graph Y - log^ x use .instead Y, In x /In 2 

20 J SPLIT DOMAIN FUNCTIONS 

r • 

l(x) j x»2, x <3 

( x x >> 'A 

type in as Y > <xf2Mx< ^ > f (x )(x>^ 3 > 

DOT fflade .is besL. 

Zl> to shade in the area between two curves 
first clear out ail the 1 Y \ functions. 



find th e SHADE command on the tPKAidl menu . First seJect. CLKDRAW 
^enten to clear nut previous graphs. Then return to the DRAW menu 
and select SHADE 
the correct syntax is S'HAUfcK lower function, upper function) 

let's do SHADK< sin x, cos x) then press \ enter] 
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To enter a matrix into your calculator. (t i-81) 

MATRX 



Select edit mode. 

Select 1, 2, or 3; matrix A, B, or C. 

These 3 steps set the matrix to be 2X3. 



These six steps set up the matrix, 



Enter 
2 
—> 

3 
1 

4 i 

2 i 

3 i 
1 I 
1 1 

5 1 
2 nd QUIT 



To dispiay the matrix. 

2 nd [A] 

ENTER 
,( 

To multiply two matrices. 

2 nd [A]/ The result is the product, [A](B]. 

2 nd [B] 

ENTER 



4 I 3' 
U 1 5 y 



The inverse of a matrix. 



2 nd [A] 



-1 



The calculator displays [A]* . Enter will display 
the inverse of the matrix. To multiply by a second matrix, 



enter it's symbol next to [A] . 
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HEWUTT PACKARD 48S GRAPHING CALCULATOR 

4 

1 rocs'wrTngr^ ^ " ^ maChine ^ 01115 iS 3150 ^ " panic " bulton in casc ^ching 

When typing, you can use the left arrow button to delete typing mistakes. (An alternate thine m do if ,h, -nw« 
buttons not work as a panic button is to delete your u?ut L.) ^le^SSffi &£2? mov t 

To have numbers showing to two decimal places, press 

orange arrow button orange Modes 

2 FIX (This is the small button under the word "fix" in the menu.) 

To have angles treated as radians, press 

orange arrow button orange Modes 

NXT nxt rad (the small button under the word "rad" in the menu) 
To eliminate the lowest stack level from the screen, press 

orange arrow, button orange Drop 

To turn the calculator off, press 

blue arrow button ON 



II. To use this calculator as a basic calculator, we can use one of two methods: 
A. REVERSE POLISH proceedure: Press 



6 
4 

6 
4 

6 
4 



ENTER 
+ 

ENTER 



ENTER 



The display says 10. 
The display says 2. 



The display says 1.50 

(To enter -6 instead of 6, press 6 



2 ± ENTER 



This enters -2. 
The display says - 8. 



+ 



ENTER ) 



Where only one number is needed for input, we can proceed as follows: Press 

1 orange arrow e x The display shows 2.72 (« e 1 ). 

°?± The display shows the value of cos (3.1). 
v x The display shows 3. 

B. CONVENTIONAL procedure Pp^s" 
' C + 4 EVAL 



6 - 4 
6/4 



y x 3 



EVAL 
EVAL 
EVAL 



orange arrow e ; 
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The display shows 10. 
The display shows 2. 
The display shows 1.5. 
The display shows 8. 
1 EVAL _ 

104 

104 



• COS 3.1 EVAL 

• Vx 9 EVAL 



The display shows 2.72 

The display shows the value of cos(3. 1). 

The display shows 3. 



Ill To plot a graph: Let us plot y = x 2 - 3x + 1 : (Note that when it says to type an alphabetical letter, it really 
means to tap the a button and then the button that goes with the alphabet letter.) Press 

•X y x 2 - 3 * X + 1 ENTER 
orange arrow button orange plot STEQ 

(STEQ is found in the menu on the screen; press the small button under the word) 

PLOTR^ ERASE menu DRAW^ 

(Now observe your graph; when you are done, press the ON button.) 

IV. To take a derivative, first enter your function. . Then press 



4 X ENTER 

blue arrow button 9 

(Observe the result 2x - 3 on the screen.) 

V. To integrate a function: press • 

• J (1,2, X y x 2-3*X+l, X) . ENTER 

EVAL EVAL 



Note:If a value is 



stored as X on the 
VAR menu, you will 
see a numerical 
answer for the de- 
rivative. To eliminate 
this X, press 'X 
orange PURGE before 
taking the derivative. 



(This evaluates the integral Jf (x 2 - 3x + 1) dx . To do more complicated integrals, tap the 
blue arrow button and then the -> num.key instead Hf EVAL. 
If an indefinite integral of a simple function is desired, press: 

»J(0,X, T y x 2-3*T+l, T) ENTER 
EVAL EVAL 

(This evaluates the integral J§ (t 2 - 3t + 1) di) 

VI. To find where a function crosses the x axis, type in the function as in HI. Then press 

orange arrow button orange solve 

STEQ SOLVR 

(both of these are in the menu on the screen) 

Take a guess, say x = 3. Press 

3 small key under the x in the menu 

orange arrow button small key under x in menu 

The screen says that a root is x = 2.62 

VII. To find f(x) for a specific value of x, do all the steps in part VI up to and • 

including typing in the 3. Then press 

small key under EXPR= in the menu 

The display will show the value of the function at x ~ 3. 
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VIII. If you desire a more complete analysis of a graph, proceed as follows: As an example, we take f(x) = x 3 - 
First plot the graph according to HL 

' X y x 3 - X ENTER 

orange arrow orange plot STEQ^,,,, PLOTR^ nu ERASE m-nu DRAW^ nu 

A. If you wish a closer view of the central part of the graph, tap 

ZOOM^nu xy^™ .2 ENTER 

This sets the first tick mark on the x and y axes equal to .2(1) = .2, respectively. 

B. If you wish to know the coordinates of a point, use the four triangular buttons to move the + marker on the 

screen to a desired point (such as x=0). Press 

COOR». nu 

Observe the coordinates printed at the bottom of the screen. Tap any key in the top row, then tap 
FCN Mnu ROOT^ 

Observe the 0.00 on the screen (one root). Move the marker to the right, near where x =1. Press 

and observe the 1.00 on the screen (another root). Do the same for the third root (x = -1). 

C. If you wish to know the slope at a point, put the marker near the curve for that point. Press 



SLOPE.. 



nu 



and observe the numerical value of the slope printed at the bottom of the screen. 
D. If you wish to know the coordinates of an extremum point, place the marker near the extremum point. Press 



EXTR^ 



nu 



and observe the cooidinates printed at the bottom of the screen. 
E If you wish to know the value of an area, move the marker to the lesser value of x, and press 



Note :If at any time 
ON takes you out of 
the plot menu com- 
pletely, press orange 
PLOT then PLOTR 

menu 



AREA^ nu 

Then move the marker the the greater value of x and press 

again to oo&crve the value of the area printed on the screen. 
F. If you now wish to plot f (x), press any key in the top row; then press 

NEXT f «(x) m#nu 

and observe f * (= 3x 2 - 1) plotted on top of f(x). (Any further instructions as to root, slope, etc., will now 
refer to f '(x)) When you are finished, press 

ON ERASE Mnu NXT RESET,,,,,, 

This erases the graphs and resets all the plotting parameters to their default values. 
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IX. To sum a series, say ^ — , type: 



• blue arrow button 1 K=l, 100, 1+K y x 2 

X . To obtain a Taylor series, say of sin x (up to and including x 5 terms), type: 

orange arrow button ALGEBRA 

' SIN X ENTER ' X ENTER 5 

XI. To plot a conic section, say of the circle x 2 + y 2 = 1, type: 



ENTER 



EVA 



TAYLR^ 



•X y x 2 + Y y* 2 = 1 ENTER 
orange arrow button PLOT STEQ manu 



PTYPE 



PLOTR 



m«nu 



CONIC 



'menu 



ERASE 



menu 



DRAW 



menu 



menu 



XII. To p'ot a graph in polar coordinates, say r =-4 + cos 8 (from 0 to lit), type: 

•R = 1 + COS 6 ENTER (6 is obtained by pressing 

a blue arrow f) 



menu 



PTYPE 



menu 



orange arrow button PLOT STEQ 
^QTR,. enu '6 INDEP ffiCRU ERASE BCnu DRAW raenu 

XHLTo plot a parametric graph, say x(t) = cos t, y(t) = sin (t) , from t = 0 to 6.3, type: 

* COS T right triangle button + i * SIN T 

(i is obtained by pressing a orange arrow I) 



POLAR 



'menu 



ENTER 



orange arrow button PLOT STEQ menu PTYPE aenu PARA_, enu 



PLOTR menu 
ERASE Mnu 



orange arrow { } T SPC 0 SPC 6.3 ENTER INDEF 



DRAWL 



(note that SPC is the space button) 



XIV. To create a subdirectory (let us call it "information"), type: 



* INFORMATION 

orange arrow button 
To see this, press 

VAR INFOR^ 
To exit out of this subdirectory and go up, press 

orange arrow UP 



ENTER 
MEMORY 



CRDIR Benu 

Note : When you are in a sub- 



directory, you can store any- 
thing by typing 'it? name STO. 



XV. To store an equation under a name (such as f == kx under HOOKE), type: 

' F as K * X ENTER ' HOOKE 

To see this, press 

VAR HOOKE m . nu 



STO 



XVI. To find the vector dot (cross) product of two vectors (such as (1,2) and (3, -5)), type- 
blue arrow MATRIX (if VEC^ does not have a small box next to it, press 

1 ENTER 2 ENTER ENTER blue arrow MATRIX 



3 ENTER 5 ± ENTER ENTER 
(use CROSS rtnu if the cross product is desired) 



MTH VECTR 



'menu 



DOT 



menu 
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LESSON 1: GRAPHING ON THE HP48SX 



1. Turn the calculator \ON ^ using the key in the (9,1) position where the 
indicates the 9-th row of keys and the 1 indicates the first column of 
keys. The box around ON indicates a key on the calculator .The zero (0 
row is the menu vow on the screen of the calculator and is indicated b 
underlining. 

2. Let's graph y= f(x)=- x 2 -2x-l. I will use the * symbol for 
multiplication x to distinguish it from the variable x. 

<-*f 8 gives the PLOT menu. 
(7,1) 

' C( l/x y x 2 - 2 * o< i/x - i STE2 

(3,1) (6,1) (4,6) (4,5)(8,3) (8,5) (8,3) (7,5) (6,1) (4,6) (8,5) (8,2) (1,5. 
The function to be graphed is now stored. Now graph it. 
PLOTR . ERASE DRAW 
(0,1) (0,1) (0,2) 

3. a. Change the x-Range from -6.5 6.5 to -2 4. 

EL [spc] Q 



XRNG 

(9,1) (5,2) (9,4) (0,4) 

b . Change the y-Range from -3.1 3.2 to -4 4. 

r3 E3 fsPcl J2L YRNG 
(5,2) (9,4) (0,5) 

c. Graph f(x) with the new Range. 

ERASE DRAW 
(0,1) (0,2) 

4. This calculator does not have a TRACE key but you can find an 
approximation for the y-intercept by using COOR D (0,4)*. Move the + 
cursor on the x-axis with ▼ and << to the y-intercept and press 
COORD, with the Range we are using we can only get the approximatioi 
that the y-intercept is .between -.9523 and -1.079 depending on where yc 
have placed the cursor. The exact answer when x= 0 is y- -1 since 

f (0)=-i. 

5. To get the menu back press any of the white keys. 

6. Pressing LABEL (0,5) will label the x and y axis. Try it. 

7. Pressing CENI (0,3) will regraph f(x) with the + cursor at the center 
of the screen. Move the + cursor to the vertex (botton.) of the parabo] 
and press C ENT . The Range values will change. 
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8. Reset the Range to the calculators built in Range. 

Jo^. [nxt] reset then ^-j 8 for the plot menu ELSIE £RAS£ OEM 
(9,1) (2,6) (0,6) ( 7,1) (0,D (0,1) (0,2) 

9. overlay f(x) with the graph of g(x) = x-2 . 

foNl ^1 fsl for PLOT then E23 Q QI PJLQTR QEM 

10. You can not find the intersection of the graphs with ISECT if they 
are just overlayed . You have to graph x 2 -2x-l=x-2 (see #2 if 
necessary) or { « x 2 -2x-l ' « x-2 ' } . After the graphing is complete press 
FCN (0,6) 

Move the + cursor using 4 or ^to a spot near the intersection point 
in the first quadrant. Press ISECT (0,2) Ans. (2 . 618033 ...... 618033 ... ) 



Press {5nJ This will put the coordinates on the stack. Move the 
cursor near the intersection point in the fourth quadrant. Press 
ISECT and (onI . Press jo^L again and then A which activates the 
interactive stack i.e. allows you to manipulate items on the stack. 
What are the actual intersection points? hint: Use the quadratic 
formula. Lesson 2 will teach you how to use the built in quadratic 
formula that the calculator contains. 

You will notice when you go back to the stack with ON that some 
digits are off the screen. Do an EDIT with <-J (5,2). You have 

to have the stack cursor^ at the level you want to investig ate. Use 
Skip r* (Q.2)'W to get to the end of the y-eoordinate. Press lON \ move 
the stack cursor ► to level 2 then press EoJULE (0,4) to put the other 
coordinates at level 1, move ► back to level 1 and then use*! Edit 
(5,2) Skip (l,2)^again to see the other y coordinate. 
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LESSON 2 ON THE HP48SX: QUADRATIC FORMULA 
Let us solve the equation of lesson 1 with Quad. We had x 2 -2x-l=x-; 
which is equivalent to x 2 -3x+l=0. 

1. On the calculator type »x 2 -3x+l ENTER x ENTER ^ 9 for algebri 
and press QUAD at (0,4). You will see • x= (3+sl*2 . 2360679775)/2 1 . The s 
stands for in front of the radical in the quadratic formula. .Not< 

this .is a small case s. To get a small case s on the calculator you hav< 
to press 4-| after you press*.. To evaluate, for both +1 and -l do th< 
following . First make a copy of what is on the stack by pressing ENTER, 
Now typi 1'*.*! s l«STO(3,2) (you'll have to use > to get past the « befon 
you press STO) ;then press EVA1 (3,2). After writing down the answe: 
2.61803398875 press at (5,5) to get back to the expression . Noi 

enter 1 +/- si ' STO EVAL for the second root of the equatioi 

.38199996601125. 

There is an alternative to using Quad and it can be used foi 
evaluating any equation with any number of variables and it has a simple! 
method to deal with the substitutions for si. 

Repeat the first two lines of #1 up to the expression for x=. **Now dc 
4? 7 for SOLVE and then press STEQ (0,5) followed by SOLVR (0,1). Or 
the bottom of the screen you should see x,sl,EXPR=. PRESS 1 and then th< 
SI (1,2) and then EXPR= (l,3)to get x=2 . 618033988 . 

Then enter a -1 FOR SI AND press EXPR= to get x=. 38196601125 . Compare 
these values with the ones we got above. 

If perchance you do not get the correct values check the following, 
clear the stack with ^ «M» for Clr (5,5) which clears the stack. Then 
do y+ HOME (4,1) VAR (2,4). Your HOME should be empty at this point . If 
it isn't then use braces < ) and tap the white keys to put the items in 
HOME between the brace brackets. Then do a f| PURGE (5,4) to get rid 
of the superfluous items. Use <-|7 for Solve press and return to ** above. 
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LESSON 3: PROGRAMMING OH THE HP48S 



The program markers are « » (8,5) i.e. 



This program will evaluate a given f (x) for any value of x that you 
choose. If you have not created a directory for Calc 1 please do that 
first, 'CALC1' MEMORY (2,3) CRDIR (0,5). Before you start writing 
the program make sure the top of the screen says HOME CALC1 so when you 
store the program it will be in the CALC1 folder. 
This is the program stored with the name VALf • 

« «X' STO DUP EVAL SWAP 'X' PURGE » 

ENTER ' VALF . ' STO 



You can spell out the words or get them from the calculator. 

To get DUP tPRG (2,2) STK (0,1) NXT (2,5) DUP (0,1). The others are on the 
keyboard i.e. STO (3, 2), EVAL (2, 3), SWAP (3,6), PURGE (5,4) 

To run the program enter f (x) on the stack then enter a value for x on the 
stack and then press VALF on the menu board. Always do a simple problem 
first to see if your program is working correctly. Enter '2x+l' on the 
stack and then enter 3 on the stack and hit VALF. on the menu bar and you 
should see the answer 7 above the function. You can keep doing this for as 
many values as you need or want. 

If you want to see the program or change it press 'VALF. « Enter 




visit (5,2). 



in 



ERIC 



m 



LESSON 4: GRAPHING PIECEWISE DEFINED FUNCTIONS ON THE HP48SX 



LET'S GRAPH 



F(X) = 



.6X+4.5 IF X<-2.5 

2+SIN X IF -2.5<X<2.5 
-COS 2X IF X > 2.5 



' IFTE (X<-2.5, .6*X -1-4.5, IFTE ( X<2 . 5 , 2+SIN (X) , -COS (2*X) ) ' 

IFTE IS AN ANACRONYM FOR IF THEN ELSE. I use the word otherwise. 

IFTE IS FOUND BY PRESSING PRG (2,2) BRCH ( 0,5) NXT NXT (2,6) IFTE (0,4 

< is found by pressing , PRG (2,2) TEST (0,6) NXT(0,3). NOW GRAPH AS YO 
WOULD ANY OTHER FUNCTION MAKING SURE YOUR CALCULATOR IS NOT IN CONNECTED 
MODE. TO BE IN DISCONNECTED MODE *-| MODES (2,3) NXT CHECK THAT CNCT DOES 
NOT HAVE THE LITTLE SQUARE BY IT. IF IT DOES , PRESS THE D WHITE AND THE 
BOS SHOULD APPEAR. NOW GRAPH STARTING WITH ^78 FOR PLOT then STEQ 
PLOTR, ETC. . 

ANOTHER EXAMPLE: 




! IFTE(X<0, -2*X, IFTE (X<1, X 2 ,2)' 
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; HP-48 L esson 5 
PROGRAM' TLIN 

The program TLIN will give the equation of the tangent line to 
f(x) at any point you choose. 

Tangent Lines (TLIN) 

Put this in your Calc I folder 
« «X' STO DDP 'X' $ 'X' X - * 
SWAP EVAL ' Y ' SWAP - SWAP - 'X' PURGE » 
EXP: Find the equation of the tangent 
line to the curve y - x 2 -3 at 
point (2,1) 
To run the program: 

Put f(x) on the stack 
Put the x-value 2 on the stack 
Press T-LIN 
Ans: 'Y-l = 4*(X~2) 1 

Paper way: Find the derivative of y for y = x 2 -3 

y 1 = 2x 
so slope at 2 is 2(2)= 4 
y-y x = m(x-x 1 ) 
y-l = 4 (x-2) 

To graph f'(x) graph f(x), FCN , NXT, F» will graph the function 
and its derivative. The derivative gets plct/red first. 



Neat: If you put the cursor on a curve and press NXEQ the 

equation will appear on the screen. If you put the cursor 
on a curve and press f(x) you will get the y-value for 
the function at that point. 
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PROGRAM IMPD. FOR IMPLICIT DIFFERENTIATION & 
INTRODUCTION TO THE EQUATION WRITER 



PUT THIS PROGRAM IN YOUR CALC 1 FOLDER. 

«DUP »y £ COLCT ' FY 1 STO DUP ' X ' "8 NEG COLCT FY / COLCT 'FY' PURGE» 

COLCT IS 4r~\ ALGEBRA (6,4) (0,1) 

TO RUN THE PROGRAM PUT THE EXPRESSION ON THE STACK. PRESS IMPD. 
EXP: X~2+Y~3-5 ENTER IMPD 
THE ANSWER ON THE CALCULATOR » - • ( . 67*X* Y *-2 ) 

ON PAPER: 2X +3y*2-0 3Y*2 DY/DX=-2X«^DY/DX =-2X/3Y*2 WHICH CAN BE 
WRITTEN AS (-2/3) X y"^=. 667XY" 2 . 
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HP48SX - Lesson 7 
Program to do Newton T s~Method 

Create a directory for Newton in your Calculus I Polder 

• NWTN'^ Memory CRDIR 



You'll need to put the following program in first, it is to be use 
before running the program NEWT. Its purpose is to store the -current 
function and its derivative for use by the Newton-Raphson algorithm. 

PROGRAM FSTO: 

< < DUP 'F' STO 'X' 3 «FPR' STO > > 
ENTER 'FSTO' STO 



Put the following in the NWTN folder also. This program requires ai 
initial value of x (first ^uess) to be on the stack before execution. 

Xn+1 = Xn - f (x) 
f»(x) 

PROGRAM: NEWT 

< < 'X' STO X X F EVAL FPR EVAL 
~- — 'X' PURGE > > 

ENTER ' NEWT 1 STO 



1. Note: To get an initial value you could graph f first. 

2. Note: You have to keep pressing NEWT after you get your 

initial value to get better approximations. 
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Using an HP-48G — Some Calculus Example s 

The HP48G & GX are the improved, more user-1 riendiy 
versions of the HP48S & SX . In each series, the X model is 
expandable, that is, it has two slots which can be filled with 
program cards or memory cards. Three models have 32K memory; 
the GX has 1Z8K built-in memory. .l3ny of the fa* series features 
siiii appear on the G series. This lesson will acquaint you 
with some of the common and additional features. 

for convenience, boxed words represent actual keys; 
underlined words represent, -soft" keys — these are menu 
options which appear at the bottom of the screen over the white 
keys, dressing a white key selects the menu item directly above 
it. Menu items which have a tab on their top left like a file 
folder are exactly that — a folder which contains an 
additional menu. 

Also note, on the calculator, each key has at least 
four uses, its immediate usage is on its face. A white letter 
of the alphabet appearing to the bottom right must be preceeded 
with the alpha key. Above each key are two words, one green, 
one purple. Words in purple require that the purple arrow 
(shift) key be pressed first; words in green require the green 
arrow first. Combinations of alpha with either green or purple 
will produce the Greek alphabet, lower case English alphabet, 
and special symbols. 

As this lesson proceeds, 1 assume you uill remember 
some things, so 1 will leave out. some of the detail. 

i) Computing a limit 

HP calculators all work using reverse Polish notation, that is, 
arguments or operands first, operations last. 



First, let's type in an expression 



You noticed that 'X"2 - 9' started on the command line, then 
moved to line one when you press ed pjl . 'X - 3' appeared on 
line one after the second. IeNTBRI while 'X~2 - 9' moved up to 
Line two. After the fcr) il fraction was formed on line one 
with parentheses added. 



a) using the Solver 

type | green arrow] ffy 
Now to get. the expression we just typed in press 



NXT 



choose "SOLVE EQUATION" by pressing UL 

ter 

(x"2 - 9>/(x ~3> * in E(J: 



if something other than ou r fraction app eyAJn line one after 
you pressed _CALC , press 'purple arro3 pftUiJ before the "* 

we should now see 
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use the down arrow to highlight X and type in 2 OK. 

press FXPR^ you won't see anything happen. 

Highlight X again by presmg the down arrow ▼ . 

Now type in 2.1 tor X and press _0K ; press EXPR= again 

Press ujn\ and you'll see on the screen KXPR:b 

' — ' F.XPR:b.l 



VAR 



b) Press 

notice EU on the VAR menu --- pres s that, and our expression is 
back. (You may have to press (NXTj once or twice until E£ is 
visible on the menu line.) 

A better way to get a table of values is to define a function 



Kir s t type in 'F(X)' by pressinqDQ p (jurplej Q Qfxj TeNTER 

a iii a p j F( 



Pressing i purple-arro4 feJEt j will create a function key on your 
VAR menu; this works like any other fun ctio n key e.g. SIN, 
COS , etc. Again, you may have to press 1 NX'l j a lew times to find 
the £ on the menu line. Note this is not the same a the white 
key labeled F — unless by coincidence, your defined function_F_ 
lands above the F white key ! 

Let's compute LIN X~2 



x>3 X - 3 



by computing the v alues for 2.9, 2.99, 2.99b, 3.1, 3,01, 3.U01b 
Type in 2.9 /ENTER) then press the white key under X to see b - 9 



appear on the screen. Repeat this for the other numbers and 
you'll see a table of function values extending up the stack. 

2) Lets graph that function as well press lgreen-arrow j IB) 
Check that the TYPE: is FUNCTION. If FUNCTION doesn't appear on 
your screen, highlight TYPE using the up A or down ▼ arrow. 
Press HilOjQS. from the menu. 
Highlight FUNCTION and press OJL, 

Notice the EQ: is the same as before; check to see the screen 
settings are -6.5 to 6.6 hori2ontaily , -3.1 to 3.2 vertically 
and that the INOEPendent variable is X. To change any of these, 
just highlight it, type in what you want onto the command line, 
and press OK. To get a negative number, remember you must type 
the number first, the p7"*-7 second . 

Note that the numbers 1 gave above are the standard settings 
(default) and always give what is called a "friendly window" to 
match the screen's J 31 pixels horizonta lly and b4 pixels 
vert.i cal ly . 

when everything is set, press ERASE UKAbJ 
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Not high enough? press ON and change V-view to a maximum of 7 
by highlighting the rightmost V-view number, typing in 7 and 
pressing UK 

ERASE DRAW again. We can even see the missing pixel over x-3 

Another possibility is to choose the ZOOM menu, then choose 
VXOUT (alter pressing jNXT j once. ) 

Once we have the graph on the screen, we can activate TRACE 
first, then (X,Y) 



When you're done, press I ONI a couple of times to return to the 
main screen. 



3) Symbolic Algebra 



Press fgreen-arroid j fsp . Use the ▼ to highlight through the 



choices and choose MAN1P EXPRESSION by pressing OJC 

We need an EXPR so choose EDIT and type in ' < x-2) *(x+3) *(x -1 > 
EDIT supplies the quotation marks; it you don't press EDIT 
first you just have to type in your own "* 

Fl fcurple] p jjj @QiH then use the large right arrow ► to 
move the cursor over the parenthesis before continuing 



LI E^pTd QU ]xj i+i isj ► g ElZe) O 0 (xJ D 0 ^ 



Press JSX_PJ\J three or four times, then COLCT then alternate them 
a few times; 

ue should see '-6 + X"3 -7*X' 



We'd like to graph that so press )nXt] CALC [ ENTER ! OK /on/ 



You'll notice our expression is on the stack. The (ENTER 
duplicated it; one copy remained on the stack; one was returned 
to the EXPR 



4 > [green-arroui l [8j ag ai n . To re trie ve that expression ue 
just worked on, type f NXTl CALC t)ROpA OK 



This got rid of the old expression (that fraction from part 2) 
and retrieved the new one from the stack 



Nou press \NXT \ ERASE DRAlD and we should see a lovely graph 

Let's .investigate KCN . You'll notice it has a tab on the top 
left; there are more goodies hidden in there tor us to play 
with. 

Using the tour arrow keys, move the crosshair to the right on 
the curve; press ROOT . Note the answer appears on the screen 
as ROOT:l. Press any white key to return the menu to the 



118 



9 . 118 

ERIC 



screen. Now find the SLOPE at the point; this time SLOFE:-4 
appears at the bottom of the screen; again press any white key 
to retrieve the menu. Press fM 7 ^ once to find TANL . Note you 
will see the equation ol the tangent line on the screen alter 
you press TANL , in addition to graphing it 

EXTR will find the extreme point near the current cursor 
position . 

_Let's return to the main screen for a minute by pressing \un] 
\ ON ). You'll see all the information you just found on the screen 
uTxh labels. 

If you'd like to tour the stack, press A and notice that a 
large arrow cursor has appeared on line one. A wiil continue 
up the stack as far as you want. You'ii notice that the menu 
line has changed as well. You can ROLL pointed to items up or 
down the stack, PICK them off and place on line one. -^LIST 
wiil even make a set including everything from the pointer down 
to line one. 

To de-activate the stack pointer, press \on| 

Let's redraw out picture, so press '^ green\ ]sj then ERASE URAhi 
Press ZOOM and the ZIN this time. Row press FCN. 
Dove the crosshairs t.o"Th"e left this time and press EXTR 
note that we can find a max or rain even it it's off the screen 

(X) wiil redraw the graph with its derivative superimposed 
use TRACE and < X , Y ) to move along both curves. « ► will 
move along the current, curve; v a will switch to the 

other curve. 

Also under PEN , VI Eld wiil tell you which curve you are on 
NXEQ cycles the order of the curves . E(X) gives the value ot 
the function at the current X-position of the crosshair. Using 
a combination of NXEQ and E < X ) is a nice way to show 
corresponding points on a function and its graphed derivative. 

Hove the crosshair to a convenient spot, press SHADE to anchor 
an x, then move the crosshair to the right; pressing SHADE 
again will shade between the two curves. 

When we press \ONL we return to the plotter screen. Notice that 
the EQ has changed. If you highlight EQ and press EDIT you'll 
see something new -- a set. containing the original function and 
its symbolic derivative. Remember that the HL J has symbolic 
capabilities, so when we press F ' < X ) a while ago, we not only 
got the graph, but we also generated the actual function 
derivative. What NXEQ was really doing when we used it, was to 
cycle the two functions within the set. 



t'ress 



QJNJ again to return to the main screen. Notice that the 
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many things we lound ar on the stack with labels. 11 you'd 
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like to clean off the stack, use j purplej ( CLEAR\ However, the 
stack feature is a handy way to retain all that you've worked 
on without writing it down at each step. The stack can be 
filled up to hundreds of levels — until ail the HP' s memory 
is used up. 



b> POLAR graphs 

first, lets go tolJtODES) and choose a polar coordinate system. 
Which steps must you follow? also be sure to choose radians. 



\ green) J&\ again, choose POLAR for the type 



Now let's type in < 'sin<2*T)' 'sin(T)') for EQ: These are 
two item s in set bracket s . Notice that once you have pressed 
the [ ' I and then press [SIN) the parenthesis are supplied for 
you. Remember to use the right arrow * to get out of the ) 
of the first function before you can start the second function, 
Then change the independent variable to T 



Select OPTS to check the values for T, which should be 
automatically set to 0 to 2 7T . Also let's graph 
simultaneously; when you highlight SIBUL you will see 
on the menu below. Press it, then [OK ) 



/CHK 



Also change HView to 
ERASE URAU 



■1.5 to l.b, VView to -1 to 1 



Notice that TRACE 
either curve 



(X,Y) gives the T value and goes around 



A Word of Caution: If you set the independent variable to HI 
and LO values under OPTS , be sure to RESET them later if you do 
other graphs. Those values can come back to haunt you!! It's 
possible to have the R-View set differently from the HI and LO 
for the independent variable, and so get only part of a graph. 
Frequent causes for strange graphs you didn't expect are 1) 
degrees when you really want radians; and l) left-over settings 
on Hi and LO on the OPTS screen. 



b) Parametrics: change the plot, type to PARAMETRIC 

Suppose the person of your dreams is on a ferris wheel that has 
a radius of 20 feet and makes one revolution every 12 seconds. 
You're 7b feet away from the center of the ferris wheel, and 
you throw hire/her a token of your affection when he/she is at 
the thrce-o-clock-position on the wheel. Since you * re a 
mathematician and a whiz at calculus, you know the initial 
velocity of the package is bU feet/sec and your arm is at an 
angle of elevation of 6U degrees. 
How close does this thing come to your friend? 
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Parametrics are entered as complex numbers of the torn ( x(T), 
y(T) ) so the equations are 

wheel: '<20*cos< *T/6) , 20*sin ( *T/6) rzO)' 

object: '<7b-30*T, -L6*T"A + 30* 3 *T> 

ue can enter them into EQ: using set notation < . . . } 

the plot screen and options screen should be set as shown in 
the following pictures. 



MiHIT OR), TCTJJ 

{ , (20CtB(f*T/6), 
2KIftti*T>6)420)' 
•(75-38»T,-16*T^ 
38*I3*T)* } 




sw Df it _mas 



\nm am* tct» 

tw* : Parametric * Rad _ . . . _ . 

Bfc C * <28*C0SCw*T/6- Mux: 18 *-tk* 19 
.MKP: m MB*— 25 88 ana. 
_wmm£ f-«B*-2 45 



'/) three dimensional plots!!! 
green 8 and change the plot type to WIREFRAME 




S=E\S 



for a function of two variables try '<4 - cos<X"2+Y ".'-!) )l 
(X~2+y -2)/ 



other settings are shown below 




|PUTj 

tt« : Hirefrane * 

' <4-C0S(X A 2+Y A 2). 

■» X STEPS 15 

r^^Y STEPS: 15 



MHtturrw; 

Y-««:-l T-Fifc 1 
-1 2-tt 28 

» : 8 re: -3 a: 9 

EMTEt 




9 

ERIC 



Tl PUT 



, (4-C0S(>T2+Y A 2))/'( 




1 21 



turn 

BEST COPY AVAILABLE 



8) EQUATION URITKR lets you type in thing s exact l y as you would 
write them on the board. When you press (pur pi el I tiQUATlONl 
you'll see a blank screen .»ith a small oval cursor on the 
middle of the left side. 



lype .in [green] CZ3 . Notice the oval is now at the bottom of 
the integral sign; it won't move until you type in the lower 
limit. How about UV The oval is waiting in case you wanted a 
two or three or more digit number. Press ► and the oval moves 
to the top of the integral sign for the upper limit. 



.JttPex ►then BE £j ► £3 0000 000 
P> (this gets you out of the denominator) ► (out of the 

square root) ► ( out of the expression) ► (provides a d 

) now type ]^| jX ] [b'NTER] 




As you type in each object in the expression, the right arrow ► 
key moves you along through the expression. Should you make a 
mistake alon g^ the way the right-pointing arrow key which is 
also labeled tDROfl will back up over the thing you typed; howver 
it is painfully slow -- all this is actually graphics, so it 
all has to be reliqured internally and redrawn. 

You'll notice the item on line one of the stack looks different 
from what you last saw, but the notation is logica l . you could 
have just typed it in like that. Now press \ -»NUMj to get the 
value of the definite integral. 

You can also do indefinite integrals as 



SIN(X) dXD 



Use /EVAlJ . These can also be done in the SYMBOLIC menu 
j green} [9] 



9) Back to the Soiver; 
SOLVK P OLY. 
press (knTHBI 



Press [green-arroui [7] then highlight 



Type the coefficients [ ] b faj 



Q& This must be in matrix 



form, and represents the polynomial X"2 r b X - b 
Now press SOLVE to get L -?. -3J press SYP1B 
You'll, see nothing new now but 

when you press (ONl or InTtI OJ on the stack you'll see 
2. HOOTS: 1-2 -3 J 
J . * (x-»2)*(x+3> * 
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10. How ^hout | green-arrou .;,f,9f choose INTEGRATE 

Type in 'SLN<X>' 'X' for the variable LO:0 and Hi: T 
you can choose a SYMBOLOC (or for another example NUMERIC ) 
result 

SYMBOLIC gives you an answer that looks like the fundamental 
Theorem of Calculus. EVAL then gives the answer COS(T) + 1 



11. this time in j green-arroul f 9f let s highlight TAYLOR 



SIN(X) is still stored as the EXPR: from your integration 
above . 

We'll do this twice to get the Taylor polynomials of degrees 5 
and 9. We'll need the v"AR to be X, order B. When SYMBOLIC is 
highlighted ]ust press OK . 
Now repeat the process for order 9. 

Both will be on the stack. Use the up arrow * to activate the 
stack, point to the polynomial on level 2 and then press 
•?>L1ST . 

This puts both items into a set at level one. Press (onI to 
deacti vat e the stack pointer. Now let's type in 'SIN(X)' 
1 ENTER / f+1 to add the sine into the set. 

To plot, press ^ green- arrow ) \&\ be sure we have FUNCTION now 
highlight, EQ 

press *NXTl CALC |pROfl OX to put the list 



into EQ: 



Be sure the screen in correct; be sure RAD is set. Also checlc 
OPTS now ERASE DRAU 

Having the calculator set to SIMULTANEOUS mode is very 
effective since you can see the curves join and diverge again 
as they are graphed. If sequential mode is set, you may wish to 
put the sine first in the list to see where the others join it. 



12. Take a peek at EQ LI to see the goodies there 
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